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LYMPHOID TUMORS IN MICE RECEIVING 

ESTROGENS 

W U GARDNER, PhD 
A KIRSCHBAUM, Ph D 

AND 

L C STRONG, PhD, ScD 

NEW HAVEN, CONN 

The occLinence of mammar)' and uteiine lumois in mice lecemng 
estrogens has been attnbuted, at least m part, to the specific hyperplasia 
of the genital tissues occuning imdei such stimulation The origin 
of spindle cell saicoma at oi near the site of injection indicates that 
estrogen might act on nongenital mesench}mal tissues much as the 
sjmthetic cai cmogens do ^ The incidence of such tumors is low, how- 
e\er, and the significance of the observations may be questioned - 

L3nnphoid tumors fiequently occur spontaneously in ceitain strains of 
mice In othei stiains the incidence is low Such tumois developed in 
3 of 111 mice of three different strains following injections of estrogen, 
while such tumors did not appear among the conti ols ® One of these 
tumois was definitely leukemic^ Two others arose as mediastinal 
masses and invaded the surrounding tissues Similar tumois were 
observed in 14 mice from several different strains given estrogens ^ 
Such tumors did not appeal in untreated mice of these stiains 

From the Department of Anatomj', Yale UmversiE 

This investigation has been supported b\ the Jane Coffin Childs Memorial 
Fund for Medical Research and the Anna Fuller Fund 

1 (a) Gardner, W U , Smith, G M , Strong, L C, and Allen, E Arch 
Path 21 504, 1936 (b) Lacassagne, A Compt rend Soc de biol 126 190, 1937. 
(c) Burns, E L , Suntzeff, V, and Loeb, L Am J Cancer 32 534, 1938 

2 Gardner, W U Arch Path 27 138, 1939 Burns, Suntzeff and Loeb 

3 Gardner, W U , in Some Fundamental Aspects of the Cancer Problem 
Symposium Sponsored by the Section on Medical Sciences of the American 
Association for the Advancement of Science, New York, Science Press, 1937, 
p 67, Science, 1937, supp 4, p 67 

4 Lawrence, J H, and Gardner, W U Am J Cancer 33 112, 1938 

5 Lacassagne, A Compt rend Soc de biol 126 193, 1938 
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materials and methods 

Mice of the CgH strain were used in the present investigation This strain 
had been inbred by brother to sister matings for at least thirty-six generations 
at the time young mice were removed for this study ® The control mice were from 
unselected representatives of the same generations The treated animals include 
those of all groups from which the majority have been submitted to autopsy at 
this time and which have not been previously reported on 

The mice were maintained on a diet of Purina fox chow At the start of 
each experiment 6 mice were usually placed in each cage Food and water were 
available at all times 

Estradiol dipropionate, estradiol benzoate, equilm benzoate, cholesterol, cho 
lesterol benzoate, carotene, testosterone propionate, testosterone propionate and 
estradiol benzoate^ given simultaneous!}', and sesame oil given alone w'eic 
administered to variable numbers of mice (tables 1 and 2) The chemicals admin- 
istered, wuth the exception of colchicine, w'ere dissolved m sesame oil All injec- 
tions w'eie made subcutaneously on the dorsal part of the body The amount of 
material given at each injection w'as usually OOS cc The injections w'ere started 
111 mice 3 to 140 days of age and continued at biweekly, W'eeklj, fortnightly or 
longer intervals throughout life or m some cases for limited periods of six to 
ten weeks 

OBSERVATIONS 

Three bundled and fifty-two mice of the C 3 H strain have been 
observed in the experiments leported here Of these, 149 leceived 
estrogens in variable amounts throughout their lives, starting at ages 
langmg fiom 3 to 140 days The obseivations on these mice aie 
giouped accoiding to treatment in table 1 

Estradiol dipiopionate was admmisteied to 12 mice (6 males and 
6 females), staitmg at 34 to 36 days of age These animals weie given 
weekly injections of 50 micrograms subcutaneously All the animals 
lived to be 150 days of age 01 oldei One is living at 300 days of age 
Of the 11 mice which died, 7 had lymphoid tumois at ages ranging 
from 175 to 272 days, after a total injection of 1 2 to 17 mg of 
estradiol dipropionate 

In all of these mice the mediastinum was extensively infiltrated with 
lymphoid tissue All of them presented respiiatory difficulties pi 101 to 
death A white irregular mass of tissue filled the mediastinum from 
the manubrium to the diaphiagm, invading the intercostal muscles, the 
pericardium, heait muscle, lungs and in some cases the esophagus, 
Targe arteries and trachea The tumois were confined entirely to the 

6 Strong, L C Genetics 20 586 1935 

7 The estradiol dipropionate was supplied by Dr E Oppenheimer, of Ciba 
Pharmaceutical Products, Inc The estradiol benzoate (progynon B) and testoster- 
one propionate were supplied by Drs E Schwenk and M Gilbert, of the Sobering 
Corporation The equilm benzoate was supplied by Dr A Girard, of Pans, 
the cholesterol benzoate was prepared by Dr W Bergmann , the carotene w'as 
obtained from the British Drug Houses Ltd , London, and the cortical extract 
was supplied by Dr G F Cartland, of the Upjohn Company 
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mediastinum in 4 mice In 1 mouse a white blood cell count made two 
days piior to death levealed a subnormal level of 2,400 cells per cubic 
millimeter In 3 other mice the spleen and lymph nodes were also 
involved, and the ovaries m 2 females Sections of the livei and genital 


Table 1 — Incidence of Lymphoid Tumois in C<H Mice Receiving Estiogens 
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* nPB = estradiol dipropionate ABG = carotene and estradiol benzoate EBC = equilin 
benzoate and e\trnct of adrenal cortex, EB = equiIln benzoate, B = estradiol benzoate 

333 

t The amount stated iras given to each mouse weeLlj unless -written as , tvhich means 

33 3 micrograms eaery fourth -weel. 4 


tissues of the afoiementioned 3 mice levealed general lymphoid invasion 
of all organs Blood cell counts were not made immediatel}’- before 
autops}’' in these cases The bone marrow was almost entirely replaced 
by compact bone as occurs in mice receiving estrogens, so that the 
extent of m)'^eloid invasion could not be determined 

Six mice were given weekl 5 >- injections of 0 5 mg of carotene and 
16 6 micrograms of estradiol ben/,oate Four of these mice lived for 
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150 da}s 01 moie One at autopsy showed enlargement of all lymph 
nodes The hvei, spleen and other tissues studied showed lymphoid 
infiltration 

Six mice weie given weekly injections of 100 micrograms of equilin 
benzoate and 0 05 cc of an active extract of adienal cortex daily foi 
one hundred and eighty-nine to four hundred and foity-five days In 
none of these mice did lymphoid tumois develop Lymphoid tumors 
developed in 4 of 16 mice given weekly injections of 0 1 mg of equilin 
benzoate weekly for periods of one bundled and ninety-one to foui 
hundred and seventy-eight days Blood counts were not made on any of 
these mice, but all showed extensive lymphoid involvement of the 
mediastinum, lymph nodes and spleen Lymphoid cells had also mfil- 
tiated othei tissues, particularly the livei and kidneys Splenic and 
mediastinal tissues from 2 of these mice were giafted into other mice 
of the same stiains, the lymphoid tumois which developed were carried 
for many generations ® 

Of 16 mice given 33 3 miciogiams of estradiol benzoate weekly, 13 
lived to be 150 days old oi older In 1 male mouse lymphoid leukemia 
developed, and the mouse was killed at 345 days of age Onl} 2 mice 
in the group lived to an age of 345 days (347 and 504) In a mouse 
which received an injection of 33 3 microgiams of estradiol benzoate 
eveiy fourth week a mammary tumor developed at 266 days of age, and 
the mouse when killed at 309 days of age showed maiked enlargement 
of the spleen and lymph nodes Study of dry impimts of these tissues 
stained iMth May-Gi unwald-Giemsa stain and of the sectioned tissues 
proved the presence of a lymphoid tumoi Eighteen other mice, 17 of 
which lived to 150 days or moie, died without showing lymphoid tumois 
In another mouse given 16 6 micrograms of estradiol benzoate every 
fourth week a lymphoid tumor developed at 517 days of age, while in 11 
other animals living to fiom 205 to 576 days of age no such tumors 
developed 

In none of 16 mice which leceived 16 6 micrograms of estradiol 
benzoate eveiy second or thud week did lymphoid tumors develop though 
they lived to from 237 to 572 days of age Ten of the 16 mice died with 
mammary tumors 

■ One of 13 mice given 8 3 micrograms of estradiol benzoate iveekly 
died with a lymphoid tumor at 360 days of age A mammaiy tumoi 
had developed in this mouse at 267 days of age It was lemoved and 
recurred but did not reappear following a second operation At autopsy 
a large invasive mediastinal tumor was found The spleen and the 
mesenteric and other abdominal nodes -were all greatly enlarged 

8 Lits, F , Kirschbaum, A , and Strong, L C Am J Cancer 34 196, 1938 



GARDNER ET AL— LYMPHOID TUMORS IN MICE 


5 


In 6 of 27 mice tieated with 16 6 iniciograms of estradiol benzoate 
weekly lymphoid tumors developed Foui of 10 mice which showed 
tumors received eleven weekly injections of 25 micrograms of colchicine 
m aqueous solution in addition to the estrogen These tumors showed 
the same general lange of structure as those m the preceding groups 
One was transplanted and maintained foi two geneiations 

Incidence of Leukemia in Conti ol Mice of the C^H Strain — 
Included m the gioup listed as contiol mice were untreated male and 


Table 2 — Incidence of Lymphoid Tumots in Unseated Mice of the CsH Stiain 
and in Mice Not Treated with Estiogens, Tieated with Lowet Amounts 
of Estrogen ot Given Estiogen and Androgen Simnltaneously 
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* TP ~ testosterone propionate, ITO and OTP = testosterone propionate plus estrojren 
V = carotene, B = estradiol benzoate O = cholesterol, OB = cholesterol benzoate 013 = 
sesame oil 
S33 

t means 33 3 micrograms of estradiol benzoate every second Tveek for si\ injections, 

2x0 after which treatment was stopped 

female mice which had been used as breeders mice which had received 
weekly injections of sesame oil, cholesterol, cholesterol benzoate or 
carotene, injections of estrogens in low amounts or biiefly, or injections 
of testosterone or of testosterone and estiogens simultaneously These 
groups consist of all of those in which one half or more of the mice 
have been examined post inoitem at the time of writing (table 2) 
Ljmiphoid tumois were not observed in an}^ of the 117 mice which 
had received injections of the nonestrogenic substances or had been 
left untreated In none of the 39 mice which had received weekly injec- 
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tions of 3 33 micrograms of estradiol benzoate oi less or short term 
injections of larger amounts of estrogens did lymphoid tumors develop 
A lymphoid tumoi developed in 1 of 47 mice which received simulta- 
neous injections of estiadiol benzoate and testosteione propionate This 
mouse had received weekly injections of 16 6 microgiams of estiadiol 
benzoate and 2 5 mg of testosteione propionate for four hundred and 
thirty-one days Injections weie started at the age of 61 days The 
mouse died with a laige cervical or vaginal tumoi All subcutaneous and 
abdominal nodes were enlaiged and white Histologic study and an 
examination of dry imprints of the nodes revealed a well developed 
lymphoid neoplasm 

COMMENT 

Lymphoid tumors may occui in mice, with leukemic involvement of 
the blood stream oi as localized overgiowths of lymphoid tissue with oi 
without diffuse metastases oi general involvement of all lymphoid 
tissues Three factois have been observed to increase the incidence of 
such tumoi s or to be associated with such an inciease, namely, a 
genetic factor,® roentgen in adiation and the carcinogenic chemical 
methylcholanthrene Other factors have likewise been claimed by 
vaiious investigators to inciease the incidence of lymphoid tumors^® 

Among many strains of mice lymphoid tumors appeal to a limited 
extent The incidence in the CjH strain used in this investigation 
appears to be very low, however Considering the 117 untreated or 
nonestrogen-treated mice reported on, the incidence is quite insignificant 
Lymphoid tumoi s have occui red in mice of this stiain, but the incidence 
appears to be less than 1 pei cent The presence of 22 such tumors 
among 149 mice receiving estrogens, oi m 15 4 per cent, suggests that 
the treatment received by these animals had some stimulating effect on 
the appearance of lymphomatosis The incidence of lymphomatosis and 
myelosis in mice subjected to roentgen iriadiation was 23 5 per cent, 
but that of the untreated control mice studied by Furth and Fuith^® 
was 6 2 per cent Though based on smaller groups of estrogen-treated 
mice, tlie increased incidence of lymphoid neoplasms in the mice reported 
here (0-15 4 per cent) appears of comparable significance Myelosis, 
however, was not observed in mice of the C 3 H strain 

The estrogens have been associated with the development of tumors 
of the genital tissues, it is assumed, by specific growth-stimulating effects 
on such tissues The mesenchymal hemopoietic tissues have not been 

9 Richter, M N , and MacDowell, E C Physiol Rev 15 509, 1935 

10 Furth, J , and Furth, O B Am J Cancer 28 54, 1936 

11 Morton, J J , and Mider, G B Science 87 327, 1938 

12 Richter, M N Leucemia, in Downej, H Handbook of Hematology 
New York, Paul B Hoeber, Inc , 1938, chap 42 Richter and MacDowell ® 

13 Strong, L C Unpublished data 
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generally assumed to be markedly affected by the “sex hormones ” The 
incidence of lymphatic leukemia, though transmitted to a greater extent 
by the female than the male, shows no tendency toward limitation to that 
sex as does the incidence of mammar}'^ tumor ® 

Ceitain recent experiments, however, demonstiated that estrogens 
affect the myeloid tissue of the bone marrow in dogs and chickens 
In the foimer species agranulocytosis developed and finally anemia, 
which invariably terminated m death Similai changes occurred in 
certain mice receiving estrogens in large amounts Also m mice 
as m birds, the bone marrow became largely replaced by osseous 
tissue Whether any of these changes can be associated with 

the development of l)''mphoid tumors is, however, problematic Mye- 
logenous leukemias were not observed In mice bony changes were 
prevented hy simultaneous administiation of adequate amounts ot 
testosteione piopionate One mouse so treated m this series pre- 
sented a lymphoid tumor 

Malignant lymphomatosis occuried in all strains of mice which 
tolerated estrogens in large amounts m our laboratoiy The numbei of 
mice tested and the number of control mice on which observations weie 
completed m several othei stiains are inadequate at this time to wan ant 
definite conclusions other than that the tendency desci ibed in this papei 
apparently is not limited to stiain 

SUMMARY 

Twenty-two mice (15 4 per cent) of the C.H strain showed lym- 
phoid tumors, leukemic oi nonleukemic, among a group of 149 which 
had leceived estrogens m variable amounts starting at ages of 3 to 140 
days and continuing until death 

None of 117 untreated or nonestiogen-treated mice of this same 
stiain showed lymphoid tumors A lymphoid tumor developed in 1 of 
86 mice i eceiving brief estrogenic treatment or estrogen and testostei one 
propionate simultaneous!} 

14 (a) Tislowitz, R Acta brev Neerland 13 183, 1938 (t>) Gardner, W U , 

and others Unpublished data 

15 Landauer and others Unpublished data 

16 Unpublished data 

17 (a) Gardner, W U, and Pfeiffer, C A Proc Soc E\per Biol S. Med 

37 678, 1938, (b) 38 599, 1938 (c) Pfeiffer, C A , and Gardner, W U 

Endocrinolog}’^ 23 485, 1938 (d) Landauer, W , Pfeiffer, C A , Gardner, W U , 
and Mann, E B Proc Soc Exper Biol Med 41 80, 1939 
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The carcinogenic activity of various chemicals has usually been 
studied on skin or on subcutaneous tissue, but neoplasms have also been 
induced m internal oigans with these agents The mteinal tumors 
pioduced may be consideied m thiee gioups, accoiding to the methods 
employed The first gioup includes those pioduced by the use of 
caicinogenic agents which have a specific affimt) for the tissues involved 
Thus aminoazotoluene nhen fed or injected subcutaneously pioduces 
tumors in the hvei rathei than at the site of application The evidence 
is summarized by Sheai ^ and by Cook and Kennaway - Betanaphthyl- 
amine, like aminoazotoluene, produces tumois of a specific tissue, 
although it may be in contact with other cells at a gieatei concentration 
Its administration, eithei oral or subcutaneous, lesults in the foimation 
of tumors of the bladder ® Certain derivatives of aminoazotoluene like- 
wise produce tumois ^f the bladdei ^ Although the chief site of action 
of aminoazotoluene is the liver, the dye also affects the thyroid, pro- 
ducing degenerative atrophy followed by epithelial metaplasia, which 
closely resembles squamous cell epithelioma ® 

The second gioup of internal tumors aie those induced bj’- car- 
cinogenic chemicals which are most effective at the site of application 
but which also pioduce neoplasms at distant sites that may be more 
or less susceptible to spontaneous development of tumoi Thus, when 
dibenzanthracene was injected subcutaneously into stiain C mice, the 

From the Depaitment of Physiology, University of Wisconsin Medical School 

1 Shear, M J Am J Cancer 29 269, 1937 

2 Cook, J W , and Kennaway, E L Am J Cancer 33 SO, 1938 

3 Hueper, W C Arch Path 25 856, 1938 

4 Yoshida, T Gann 29 295, 1935 Otsuka, I , and Nagao, N ibid 30 561, 
1936 Nagao, N ibid 31 335, 1937 Zylberszac, S Compt rend Soc de biol 
125 389, 1937 

5 Yoshida, T Tr Jap Path Soc 22 934, 1932 
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incidence of pulmonaiy tumors rose from “modeiate” to “high”, m 
strain A mice it rose fiom “high” to “very high”® Tumors of the 
liver, also, have occasionally been produced by the subcutaneous injection 
of chemicals whose chief center of activity is the area of application 
Andeivont and Lorenz observed hematomas in 8 of 17 survivors when 
dibenzanthracene was injected subcutaneously into 40 CoH mice Strong, 
Smith and Gardner ® induced 8 hepatomas in 42 CB A. mice by injecting 
3,4,5,6-dibenzcarbazole Boyland and Brues ® had previously reported 
hypertrophic changes m the bile ducts of 80 pei cent of mice receiving 
this agent applied to the skin Furth and Furth observed hemangioma 
of the liver m 2 of 96 mice when benzpyrene was injected into the 
spleen 

The third group of internal tumors are those produced by direct 
contact between the caicmogenic agent and the tissue from which the 
tumoi arises This method has yielded tumors m most of the tissues 
and with most of the carcinogenic agents tried The available informa- 
tion IS listed in table 1 A variation of tins method is of special interest 
The feeding of carcinogenic hydrocarbons has resulted in occasional 
tumors of the upper part of the digestive tract (table 1), but tumors 
of the lowei pait of the tract have not been reported Furthermore, 
some investigators have failed to observe any tumors when dibenzanthra- 
cene oi benzpyi ene was fed for periods of six to ten months 

6 Andervont, H B , cited by Fieser, L Am J Cancer 34 37, 1938 

7 Andervont, H B , and Lorenz, E Pub Health Rep 52 637, 1937 

8 Strong, L C , Smith, G M , and Gardner, W U Yale J Biol & Med 

10 335, 1938 

9 Boyland, E , and Brues, A M Proc Roy Soc , London, s B 122 429, 1937 

10 Furth, J , and Furth, OB Am J Cancer 34 169, 1938 

11 (a) Brunschwig, A , and Bissell, A D Arch Surg 36 S3, 1938 (b) 

Brunschwig, A Am J Cancer 34 540, 1938 (c) Oberling, C , Guerin, M, and 

Guerin, P Compt rend Soc de biol 123 1152, 1936 (d) Weil, A Arch Path 

26 777, 1938 (e) Valade, P Compt rend Acad d sc 204 1281, 1937 (f) 

Bull Assoc frang p I’etude du cancer 26 452, 1937 (g) Athias, M Compt 

rend Soc de biol 126 585, 1937 (/i) Campbell, J A Brit J Exper Path 

15 287, 1934 (i) Seelig, M G , and Benignus, E L Am J Cancer 28 96, 1936 

(;) Nakahara, W, and Fujiwara, T Gann 31 568 and (k) 660, 1937 (/) 
Berenblum, I , and Kendal, L P Biochem J 30 429, 1936 (ni) Boyland, E , 
and Burrows, H J Path & Bact 41 231, 1935 (ii) Burrows, H Proc Roy 

Soc, London, sB 111 238, 1932 (o) Roussy, G , Oberling, C, and Guerin, M 

Bull Acad de med , Pans 112 809, 1934 (/>) V an Prohaska, J , Brunschwig, A , 

and Wilson H Arch Surg 38 328^ 1939 (g) Waterman, N Acta brev 

Neerland 7 18, 1937 (r) Bonne, C Ztschr f Krebsforsch 25 1, 1927 (?) 

Voronoff, S, and Alexandrescu, G Neoplasmes 8 129, 1929 (i) Bagg, H J 

Am J Cancer 26 69, 1936 
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On the othei hand, the feeding of ceitain samples of wheat germ 
oil to lats has lesulted in the formation of tumois of the peiitoneum in 
fiom thnteen to two hundied da}S The oils weie obtained by extiac- 


Tablc 1 — Intnois Induced by Dual Injection 


^.unlbcr nitli 


Tissue 

Agent 

Animals 

Tumor 

Tjpe of Tumor 

Reference 

Bone 

Benzpjrene 

12 mice 

1 

Osteosarcoma 

11a 


Alethj leholanthrene 

33 rats 

4 

libros ircoin i 

lib 

Brain 

Beiupj rene 

11 rats 

3 

Hypophjslal adenoma 

11c 




1 

Epithelial tumor of ante 






riorlobe of pituitary 

lie 


1,2, 5,0 dibenzanthraeene 

1 rut 

1 

Carcinoma 

lid 


Stjrj] 130 

3 rats 

3 

Glioma, meningioma and 





glioma of epcndjma 

lid 

Esophagus 

litth j leholanthrene 

50 rats 

5 

Rhabdomj osarcoma 

lie f 

Heart 

Methj leholanthrene 

33 guinea 

1 

Polymorphous cell sarcoma 




pigs 


of auriclL 

llg 

Kidney 

DIbenzanthraeene 

7 rats 

0 

Epidermoid carcinoma 

20 



51 mice 

10 



Liver 

Dibenzanthiacene 

50 mice 

2 

Carcinoma ? 

20 

Lung 

Road tar dust 

100 mice 

01 

Adenoma and adenocarci 






noma 

llh 


Coal smoke soot 

100 mice 

8 

Carcinoma 

111 

Peritoneum 

Benzpjrene 

27 mice 

19 

Pohmorphous and spindle 






coll sarcoma 

111 


Slethj leholanthrene 

40 mice 

9 

Spindle cell sarcoma 

Ilk 


Dibenzanthracene 

SO mice 

5 

Spindle cell sarcoma 

111 


Dibenzanthracene 

20 mice 

5 

Sarcoma 

llm 



38 rats 

1 




Dibenzanthraccne 

10 rats 

S 

Spindle cell sarcoma 

lln 


Thorium dlovido 

10 rats 

4 

Fibrosarcoma 

110 

Prostate 

Benzpyrene 

50 rats 

37 

Squamous cell epithelioma 

19 




4 

Sarcoma 

19 

Spleen 

Jlethylcholanthrene 

1 mouse 

1 

Fibrosarcoma 

20 


Benzpyrene 

96 mice 

2 

Sarcoma 

10 


Benzpyrene 

90 mice 

2 

Hemangioma 

10 

Stomach 

Methylcholanthrene (fed) 

48 mice 

2 

Papilloma 

lip 


Benzpyrene (fed) 

6 mice 

5 

Squamous cell carcinoma 

llq 


Tar (painted on mouth) 
Tar avool fat, aniline 

50 rats 

17 

Papilloma of fore stomach 

Hr 


and toluencdiamine 

10 rats 

1 

Carcinoma 

lls 

Testis 

Zinc chloride 

1 chicken 

Small 

Teratoma 

lit 




per cent 


Trachea 

Methylcholanthrene 

50 rats 

s 

Sarcoma 

He f 

Uterus 

Dibenzanthracene 

21 mice 

1 

Epidermoid carcinoma 

20 


12 Rowntree L G Steinberg, A , Dorrance, G, and Ciccone, E F Am J 
Cancer 31 359, 1937 
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tioii of the wheat geim with ether Puiified wheat germ oils were 
devoid of carcinogenic activity Carrutheis and Halter were unable 
to produce tumois by feeding wheat germ oil 

The piesent repoit deals with the action of carcinogenic agents on 
the spleen, liver, submaxillary glands, testis, epididymis, uterus and bone 
marrow and the submucosa of the stomach and duodenum Further- 
more, an attempt was made to confiim the pioduction of tumois of 
the peiitoneum by the feeding of wheat geim oil 

PROCEDURE 

Both mice and rats weie used in these experiments The mice were males of 
strains A, C and CaH, and were 8 to 10 weeks of age The rats were 13 to 15 
weeks of age The organs to be studied were exposed surgically and either 
3,4-benzpyrene or 1,2,5, 6-dibenzanthracene was injected Solutions of the carcino- 
genic agents in corn oil were used 10 mg per cubic centimeter of benzpyrene or 
5 mg per cubic centimeter of dibenzanthracene The injections were made deeply 
with a narrow gage needle to minimize leakage on withdrawal Usually only one 
injection was made, but in a few instances a second was given The exact doses 
injected into the various organs are listed in table 2 

Injections into the bone marrow were made at weekly inteivals for eighteen 
weeks For this purpose a hole slightly smaller than a no 25 needle was drilled 
through the upper third of the tibia From 0 05 to 0 10 cc of the carcinogenic 
solution was injected at one time Immediately after withdrawal of the needle 
the opening was plugged with bone wax to prevent leakage One tibia received 
an injection one week, the other the next, thus allowing two weeks between injec- 
tions into any one bone Control rats received similar injections of corn oil 
Complete blood counts wei e made before the introduction of the carcinogenic agent 
and at weekly intervals for four months, thereaftei examinations of the blood 
weie made at monthly intervals 

The effect of wheat germ oil in the diet on the production of tumors was studied 
as follows Fifty j^oung adult male mice of strain A were divided into two groups 
of 25 each One group received a diet consisting of 93 parts of Steenbock stock 
ration plus 7 parts of wheat germ oil , the other group received the same diet 
with 0 05 per cent ammoazotoluene added In addition, 6 male rats 2 to 3 months 
of age received a diet containing 75 parts of Steenbock stock diet and 25 parts 
of wheat germ oil The wheat germ oil was prepared by extracting wheat geim 
with ethyl ether in a continuous extractor and e\aporatmg the ethei under reduced 
pressure The residue was fed without further puiification 

RESULTS or THE INJECTION OF HYDROCARBONS 
INTO VARIOUS TISSUES 

Bone Maiiozo — Although as much as 13 mg of benzpyrene and 
7 25 mg of dibenzanthracene weie injected into the bone marrow, the 
animals lemained in good physical condition The marrow in the long 
bones, howevei, became markedl)’' Iwperplastic In 3 of 4 rats Ining 


13 Carruthers, C Proc Soc Exper Biol S. Aled 40 107, 1939 

14 Halter, C R Proc Soc Exper Biol &. Med 40 257, 1939 
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over foity weeks haid firm tumois developed at the site of injection 
Two had received benzpyrene , the other, dibenzanthracene The histo- 
logic appearance of the tumors diflfeied somewhat, but all were classified 


Table 2 — htjecfton of Cat anogentc Agents mio Vat tons Tissues 


Animals 



Agent 

Total 

Amount, 

lumor 

Length of 
Life After 
Injection, 

Number 

and 

T} pe of 

Used 

Strain 

Organ 

Injected 

Mg 

Aoted 

Mo 

Tumors 

Brats 

Stock 

Liter 

1.2, 5,0 diben 
^anthracene 

1 25-2 02 

A one 

917 


t) rats 

Stock 

Spleen 

1,2, 5,0 diben 
/anthracene 

1 4 

Xone* 

917 


13 rats 

Stock 

Testis 

1,2, 5,0 diben 
zantliracenc 

1 3 

A one 

917 


6 rats 

Stock 

Epididi mis 

1, 2,5,0 diben 
zantliracenc 

1 

None 

9-15 


3 rats 

Stock 

SubmaMHarj 

gland 

1,2,5,C diben 
/anthracene 

1 1 5 

1 at 15 mo 

1 to 10 mo 

12 10 

2 spindle cell 
sarcomas 

j rats 

Stock 

Bone marrou 

1,2,5,6-diben 

zantliracenc 

1 75 7 25 

1 at 12 mo 

4 13 

1 fibrosar 
coma 

5 rats 

Stock 

Bone niarrou 

3,4 benzptrene 

9 51". 

2 it 9 mo 

4 11 

2 flbrosnr 
comas 

5 rats 

Stock 

Submilcosa 
of stomacli 

3,4 benzpi rene 

152 

1 at 7 mo 

1 at 13 mo 

1 at 15 mo 

710 

1 spindle cell 
sarcoma 

1 myoma 

1 adcnocar 
cinoma 

2 rats 

stock 

Submucosa 
of duodenum 

3,4 benzpirene 

1 5 2 

None 

13 17 


4 rats 

stock 

Uterine liom 

3,4 bcn/p 3 rene 

1 2 

1 at 12 mo 

910 

1 myogenic 
sarcoma 

2 rats 

Stock 

Spleen 

3 4 benzpt rene 

1 5 

None 

7 & 17 


1 rat 

Stock 

Submaxillar} 

gland 

3 4 benzp} rene 

1 

None 

14 


3 mice 

CaH 

Liver 

1,2, 5,6 diben 
zantliracenc 

0 25 

None 

0 14 


2 mice 

CsH 

Spleen 

1,2,5 0 diben 
zanthracene 

0 25 

1 at 0 mo 

0 

1 spindle cel! 
sarcoma 

3 mice 

CaH 

Testis 

3,4 benzpyrene 

02 

None 

0 


2 mice 

CaH 

SubmaMllary 

gland 

3,4 benzpyrene 

05 

1 at 5% mo 

OV 

1 spindle cell 
sarcoma 

9 mice 

“A” 

Spleen 

3 4 benzp} rene 

0315 

None 

7 14 


8 mice 


Testis 

3,4 benzpjrene 

0305 

None 

4 9 


I'j mice 

“A” 

Subm axillary 
gland 

3 4 bcnzp}Tene 

0307 

10 at 2 3V. mo 4 7 

10 squamou' 
cell carci 
nomas 

4 mice 

“C” 

Siibmaxillart 

gland 

3,4 benzpyrene 

0305 

2 at 3 mo 

3 0 

2 squamous 
cell corci 
nomas 


* One spindle cell sarcoma of subcutaneous tissue of the bacL oceurred at sixteen months 


as periosteal fibiosarcoma (fig 1) The tumors weie invasive and 
grew to a large size (one weighed 75 Gm at autopsy), but no metastases 
weie found 

The blood picture was unchanged except for occasional slight 
increases in the number of lymphocytes, due possibly to mild infections 
Tbe blood count remained remarkably constant This result differs 



RUSCH ET AL— PRODUCTION OF INTERNAL TUMORS 13 


sharply from that of workers who have observed changes m the blood 
stream due to the administration of carcinogenic agents Barnes and 
Furth and Furth and Furth observed leukemia following injections 
of benzpyrene into the spleens of mice Lanza observed leukemia in 
rats after benzpyrene was injected into the bone marrow Erythro- 
leukemia has been reported m 50 per cent of a series of rats leceiving 



injections of tar in the bone marrow^' Changes occuired in twenty 
to sixty days, and, once initiated, proceeded m the absence of further 
injections Changes in the blood resembling leukemia have also been 


15 Bames, W A, and Furth, J Am J Cancer 30 75, 1937 

16 Lanza, G Pathologica 30 185, 1938 

17 Bernard, J Sang 8 28, 1934 
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induced m mice by subcutaneous injections of sodium 1,2,5,6-dibenzan- 
thi acene-9-lO-endoalphabetasuccinate 

Theie is thus abundant CMdence that caicmogenic agents do produce 
changes m the blood stream Possibly oui animals were unusually 
lesistant to leukemic changes, since they actually leceived laiger amounts 
of carcinogenic agents than weie employed by other investigators 
Moieover, since some strains of animals exhibit a much higher incidence 
of spontaneous leukemia than otheis, it is quite likely that the tendency 
toward induced leukemia also vanes with the strain 

SiihmaMlla) y Gland — Squamous cell caicinoma of the submaxillary 
gland developed m 10 of IS strain A mice and m 2 of 4 strain C mice 
given injections of benzpyicne This oigan showed more rapid develop- 
ment of tumor than anj' othei tissue in the bod}'^ The tumois weie 
palpable m two to three and one-half months and attained diameters 
up to 2 5 cm They were usually invasn e and sometimes soft and 
cystic The fiist stage of tumor development was a metaplasia of the 
glandular tissue into a stiatified squamous epithelium, which then became 
malignant (fig 2) The changes in the submaxillaiy gland parallel 
exactly the metaplastic and neoplastic changes vhich occurred in the 
piostate when benzpyiene was injected into that organ The sub- 
maxillaiy tumors were leadilj'- transplanted into animals of the same 
strain and to date ha^e gone through five tiansplantations In this 
connection it is of interest to note that squamous cell caranoma of 
the skin is usually difficult to tiansplant A spindle cell sarcoma was 
found five and one-half months after the injection of benzpyrene into 
the submaxillary gland of a mouse of the CjH strain, and 2 of 3 rats 
given injections of dibenzanthracene likewise showed spindle cell sar- 
comas in fifteen to sixteen months It appeals that the lapid rate of 
tumor formation in this gland is restricted to neoplasms of epithelial 
origin 

Stomach and Duodenum — In this experiment benzpyiene was 
injected into the submucosa of the pyloric legion of the stomach in 
5 rats and into the duodenum in 2 In 3 of the lats receiving injections 
in the stomach tumors developed, those receiving injections in the 
duodenum did not show development of tumois The first tumor was 
noted at seven months, when a rat died of stai vation Autopsy revealed 
an obstruction in the lumen of the stomach, 3 by 3 5 cm in diameter It 
was a myoma The second tumor was found in a rat killed after 
thirteen months It was a spindle cell sarcoma, 1 by 1 5 by 2 cm , in 

18 Parsons, L D J Path & Bact 43 1, 1936 Burrows, H , and Cook, J 
W Am J Cancer 27 267, 1936 

19 Moore, R A , and Melchionna, R H Am J Cancer 30 731, 1937 
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the pyloric end of the stomach The thud tumoi was a nodule 1 by 
1 cm 111 the pyloric legion of a rat which died after fifteen months 
The tumor was a low grade adenocaicmoma which had invaded the 
muscularis No metastases weie found m any of the animals 

Utems — Of 4 lats receiving injections of benzpyrene m the uterine 
wall, 1 subsequently showed a large myogenic sarcoma of the uterine horn 



Fig 2 — Squamous cell carcinoma induced by an injection of benzpjrene into 
the submaxillary gland of a mouse 


(fig 3) The animal died twelve months after the injection of 
benzpyrene 

Spleen and Lwei — Of the animals receiving mtrasplenic injections 
of benzpyiene or dibenzanthracene, 11 rats and 11 mice lived longer 
than fii’^e months One only, a CgH mouse treated with dibenzanthia- 
cene, showed development of a tumor — a spindle cell sarcoma There 
were 9 rats and 3 mice that received injections of dibenzanthracene 
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in the hvei They suivived for periods of six to seventeen months 
but failed to present tumois 

Testis and Epididymis — Laige amounts of the hydiocarbons (table 
2) weie piesent m the testes of both rats and mice for peiiods longer 
than necessary foi the production of tumors m othei tissues Never- 
theless, no tumois developed This confirms the result of Ilf eld and 



Fig 3 — Mjogeiiic barcoma induced bj' an injection of benzpjiene into the uterus 
of a rat 


of Tuchmann and Demay The local toxicity of the hydiocaibons 
produced maiked paienchymal degeneration, but no othei response to 
the chemicals appealed Apparently both the testes and the epidid 3 'mes 
of rats and mice are more refractor)' to the action of carcinogenic hydro- 
carbons than aie other tissues 


20 Ilfeld, F W Am J Cancer 26 743, 1936 

21 Tuchmann, H , and Dema}', M Compt rend Soc de biol f23 686, 1936 
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Skw In 1 lat a raw area developed m the lumbar region of the 
back about fifteen months aftei the injection of dibenzanthracene into 
the spleen and into each testis, a total of 3 mg being administered 
One month aftei the development of the raw aiea the animal was 
killed The aiea was 2 b}’’ 2 5 cm in diameter and had film laised edges 
It was a spindle cell sai coma which invaded the neighboi mg muscle 
tissue It probably represented a tumor aiising at an injuied site in 
an animal loaded with a caicinogenic agent A similar spontaneous 
tumor has never been found in our rat colony 

Results of the Feeding of Wheat Get in Oil — Both rats and mice 
on the wheat germ oil diets lemained in good health No neoplasms 
developed On the diet containing 7 per cent wheat germ oil, 5 mice 
died within three months, while 10 survived foi six to ten months, 
and 10 were still alive at fourteen months Survival was much poorei 
when aminoazotoluene was added to the wheat germ oil, 7 died within 
four months and the lemammg 18 died in six to eight months The lats 
weie killed aftei leceiving 25 pel cent wheat geim oil foi foui months 
No abnormalities of any kind ueie noted, although Rowntree and asso- 
ciates^- reported tumois occuiiing uithin six weeks We ivere there- 
foie unable to confirm the lepoit that wheat geim oil causes peiitoneal 
tumors 

COMMENT 

It IS evident that there is a maiked difference in the i espouse of 
vaiious animal cells to caicinogenic agents, since tumois develop in some 
tissues much moie leadily than in otheis The standard tissues for 
experimental production of tumois aie the cutaneous and subcutaneous 
tissues When benzpyrene was injected subcutaneously into 200 of oui 
mice of the C stiain, it took five to five and one-half months foi 50 pei 
cent of the animals to show development of tumors When benzpyrene 
was applied to the skin in benzene solution, the time necessary for 
tumors to develop in 50 pei cent of the animals was five and one-half 
months, both in 420 “C” mice and in 160 commercial mice This is m 
line with the expeiience of Andervont,® who obseived no essential 
difference in the incidence of subcutaneous tumors of strain A and C 
mice following injection of dibenzanthracene, although a considerable 
difference does exist among several strains In our experiments wnth 
benzpyrene the pei cental tumor incidence in the cutaneous and sub- 
cutaneous tissues was over 70 m all groups In all other tissues tiied 
except the submaxillaiy gland the pei cental tumoi incidence ivas less 
than 40 The rate of tumor production also varied in the various organs 
All the submaxillary tumors of epithelial origin developed wnthm thiee 
and one-half months, as compared with five and one-half months for 
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50 pel cent of the cutaneous oi subcutaneous tumors In the othei 
tissues tuinois were produced moie slowly if at all 

The reasons foi this iiiegulaiit)^ aie not apparent Conceivably 
one might associate lapid development of tumoi with an adequate sup- 
ply of blood, but this ceitamty is not the dominant factor, since the 
supply of blood to the skin and subcutaneous tissue is appreciably less 
than that to the liver and testis Noi does theie appear to be a con- 
nection between the late of tumoi foimation and the rate of cellulai 
piohfeiation in vaiious tissues The skin, which is prohfeiatmg, shows 
no moie rapid development of tumoi s than subcutaneous tissue, in which 
cellulai division is not so active Fuitheimoie, proliferation is extensive 
in both the bone maiiow and the testis, in neither of which when they 
weie exposed to benzpyiene did tumoi s de\elop Finally, it does not 
appear that such diffeiences can be explained on the basis of a difference 
in the quantity oi character of the connective tissue piesent in various 
organs However, it appears that ceitain cells \vithin an oigan are 
more susceptible to neoplastic transformation than othei cells although 
all have equal contact with the caicinogenic agent This difference is 
clearly illustrated by the rapid foimation of epithelial tumors m the 
submaxillaiy gland whereas only one tumor of connective tissue origin 
occurred and that at a much slower rate The same holds true in the 
case of the prostate, as squamous cell caicinoma developed in 75 per 
cent and sarcoma in 5 pei cent of the prostates of rats given injections 
of benzpyrene^® 

The ease of formation of benzpyrene tumoi s in any tissue does not 
appear to parallel the susceptibility of that tissue to spontaneous tumoi 
formation Spontaneous tumors of the submaxillary gland or of sub- 
cutaneous tissue are not particulaily common either in man or in the 
lower animals, as might be expected from the rapid response of these 
tissues to benzpyrene Noi does resistance to benzpyrene indicate 
resistance to spontaneous tumor foimation, spontaneous tumor of the 
testis, duodenum or liver being by no means rare Thus, while a satis- 
factory explanation may be lacking, the fact remains that the response 
of a given tissue to a carcinogenic agent is specific both for the cells 
and the type of carcinogenic agent A given result obtained under one 
set of carcinogenic factors does not enable one to predict the response 
of that tissue to another set of carcinogenic factors 

SUMMARY 

The following organs of mice oi rats were given injections of 
3,4 benzpyrene or 1,2,5,6-dibenzanthracene submaxillary gland, spleen, 
liver, testis, epididymis, uterus, stomach (submucosa), duodenum 
(submucosa) and bone marrow The tumors resulting were 12 
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squamous cell carcinomas and 3 spindle cell sai comas of the sub- 
maxillai y gland , 1 m} oma, 1 spindle cell sarcoma and 1 adenocarcinoma 
of the stomach, 3 periosteal fibiosai comas, 1 myogenic sarcoma of the 
uterus, and 1 spindle cell saicoma of the spleen The development of 
squamous cell carcinoma of the submaxillary gland was extiemely lapid 
The injection of the hydrocaibons into the bone marrow did not produce 
changes m the blood picture No tumois weie pioduced by the feeding 
of wheat germ oil 



DISEASE OF THE LIVER IN HYPERTHYROIDISM 


JAMES MILO SHAFFER, MD 

NEW \ORK 

The lelationship between toxic disease of the thyioid gland and con- 
curient damage of the livei is one which has been little recognized and, 
until late yeais, commonly ignored An extensive review of “the 
histoiical data concerning the hepato-thyroid relation” has recently 
been published b}'’ Boyce and McFetridge ^ Paul, in 1865, was the first 
to mention the association of hepatic cinhosis and toxic th 3 aoid disease, 
although Eden, m 1906, seems to have been the first to realize the 
possibility of a causal i elationship 

Although numerous individual cases have been leported and refer- 
ences to a probable relation made, it has been only since 1933 that 
any detailed studies of the pathologic changes m the hvei have appeared 
in the literatuie, viz, those b}'^ AVellei " (48 cases), 1933, Beaver and 
Pemberton® (107 cases), 1933, Rossle ^ (30 cases), 1933, Haban ® 
(26 cases), 1933-1934, and Cameron and Karunaiatne ® (30 cases), 1935 
The findings in these 241 cases are summaiized by Cameion and 
Karunaratne “ 

Various iiivestigatoi s have lepoited clinical evidence of hepatic 
dysfunction obtained by utilization of livei function tests These include 
Haddock, Collei and Pedersen" (bromsulfthalein test), Huixthal® 
(blood cholesteiol deteimination), Rowe® (various tests), Ragins 
(Takata-Aia test) and Althausen and Wever (galactose toleiance 
test) A recent editorial in The Journal of the American Medical Asso- 

From the Department of PathoIog 3 % Umveisity of Cincinnati, and Cincinnati 
General Hospital 

1 Boyce, F F, and McFetridge, E M Aich Surg 37 427, 1938 
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cxahon called attention to the work done by Bartels and by Boyce and 
McFetndge utilizing the Quick hippunc acid test for determining the 
amount of hepatic injury in thyrotoxic patients 

There is by no means universal acceptance of the concept of hepatic 
insufficiency occurring as a result of hyperthyroidism Means found 
scant evidence supporting such a concept and classified the hepatic injuiy 
as a complication rather than as a characteristic of the disease Mallory, 
quoted by Means, suggested that the thyroid hormone itself does not 
injure the liver but that in certain cases hyperthyroidism ms.y lead to 
hepatic dysfunction indirectly by incieasing the vulnerability of that 
organ to noxious agents 

Experimentally it has been lepeatedly shown that the feeding of 
desiccated thyroid reduces the glycogen content of the liver in a large 
variety of animal species Fan ant demonstrated “fatty degeneration” 
of the liver in thyioid-fed rabbits and cats, while Gerlei observed 
necrosis in the centers of liver lobules in labbits five to seven daj'S aftei 
admimsteimg lethal doses of thyroxin subcutaneously Hashimoto 
produced pai enchymatous changes in the liver and m the convoluted 
tubules of the kidneys of albino rats by feeding thyroid substance 
Howevei, Youmans and Warfield^® failed to note such changes m dogs 
given large amounts of thyioid extract, nor did hvei function tests show 
any evidences of dysfunction 

Mention should also be made of accumulating evidence that vitamin 
deficiency may play a part m hepatic insufficiency Ivy expressed 
the belief that there is a definite relationship, diiect or indirect, between 
the hvei, vitamin Bj and the vitamin B, complex, and the thyroid He 
quoted Drill as showing that the administration of the vitamin B, 
complex protects the In’^er fiom the deglycogenizing eftect of thyioxin 

MATERIAL 

All cases of well established clinical toxic thyioid disease in which necropsy 
was done at the Cincinnati General Hospital during the period from 1926 to 1938 
were studied Cases were eliminated in which there were other, independent 

12 Hippunc Acid Test as an Index of Hepatic Damage, editorial, JAMA 
111 1470, 1938 

13 Means, J H Thjroid and Its Diseases, Philadelphia, J B Lippincott 
Company, 1937, p 319 

14 Means,’^® p 292 
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16 Gerlei, F Ann d’anat path 10 555 1933 

17 Hashimoto, H Endocrinologj’- 5 579, 1921 

18 Youmans, J B, and Warfield, L M Arch Int Med 37 1, 1926 

19 Ivy, A C Personal communication to the author 
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anatomic factois which might have produced hepatic pathologic changes or m 
which there was uncertainty about the clinical diagnosis A total of 24 cases was 
collected (table 1) 

A detailed study was made of representative microscopic sections in each case 
When indicated, slides were restained oi new sections were piepared from gioss 
material preserved at necrops}' 

For a careful comparative studj" of the pathologic observations in the Inei 
m routine necrops}' material, two series of cases were selected The hepatic 
changes were studied in a group of 50 consecutive cases in which death from 
traumatic injuries occurred within fort\ -eight hours after the accident Because 
of the possibility that a ceitain amount of hepatic change in cases of th 3 TOtOMCosis 
might be secondarv to passive venous congestion, analysis was made of a second 
group of 50 consecutive cases in which the cause or primary contributorv cause of 
death was chronic rheumatic heart disease Ehininated from both groups were all 
cases not falling within the age limits of the tovic thjioid series No other 
exclusions were made 

A study of the pathologic changes in the liver in cases of vntamin B and vitamin 
C deficiency, occuning singly and combined, was also made to determine wdiether 


Table 1 — Chmcal Diagnoses Hade in Tzaenty-Fom Cazes of Hvfici thxroidism 


Clinical Diagnosis 

Cases 

Males 

Females 

Toxic nodular goitei 

14 

1 

13 

Toxic diffuse goiter 

G 

2 

4 

Adenomatous goiter with seeondarj In pcrtliyroidism 

3 


3 

Adenocarcinoma of the thjroid 

1 


1 

Totals 

24 

3 

21 


there were any changes common to this group and cases of toxic thyroid disease 
Thirty-three such cases vveie collected, in this group the most frequent clinical 
diagnosis was pellagra 

CLINICAL FINDINGS 

The group of 24 thyrotoxic patients comprised 3 males and 21 females The 
preponderance of the latter was higher than is usually observed and was probably 
due to the relatively small total number of patients There were 18 white and 
6 Negio patients The av^erage age was 53 yea’^s, the jmungest being 27 jeais old 
and the oldest being 76 jears Included in the group were 2 persons aged 76 and 
74 years, respective!}^ The former had been operated on sixteen years before 
death (bilateral superior pole ligations were performed at that time) and had 
suffered a recurrence of symptoms duiing her last year of life The latter had an 
enlarged thyroid for thirtv-three years with symptoms of thyrotoxicosis for slightly 
more than a year preceding death Three patients were admitted m th}roid crisis 
Two of these weie jaundiced 

Icterus has often been described as a clinical finding in toxic thyroid disease 
In this senes it was present m S persons In 3 of these jaundice was well marked 
and in 2 evident only in the scleras For the entire senes of 24 patients the basal 
metabolic rates ranged from -|- 18 to -j- 73 per cent, the average being -f 41 per 
cent The duration of symptoms averaged slightly less than two years Iodine 
therapy vv'as instituted m 67 per cent, the averagi duration of treatment being 
eleven days No hv'er function tests vv’^ere performed In 2 recorded cases the 
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icteric index was + 36 and + 75 Two patients had marked pitting edema of 
the lower extremities and reversal of the albumin-globulin ratio A history of 
alcoholism was obtained from 3 patients One of these admitted moderate 
indulgence, the other 2 were definitely addicts Diabetes melhtus was an asso- 
ciated condition in 2 patients The Wassermann reactions of the blood of 3 
patients were positive 

PATHOLOGIC OBSERVATIONS 

A reduction of liver weight in fatal cases of hyperth)'roidism has been 
mentioned by various authors Beaver and Pemberton ^ stated that 
loss of weight of the liver was possibly the most important hepatic 
change which they found, and gave 1,316 Gm as the average weight in 
their series In the present series of 24 cases of toxic thyroid disease 
the aveiage weight of the hvei was found to be 1,275 Gm (table 2) 
The average weight found in 50 cases of chronic iheumatic heart disease 

Table 2 — Incidence of Common Pathologic Changes of the Livei in Vcnwus 
Reported Senes of Fatal Cases of Hyperthyi oidisni 


Percentage of Oases with Gn en 
Hepatic Change 

Chronic Locahzed 

Aterage Interstitial 

Weight of Hepatitis 


Series 

Cases 

Liver, 

Gm 

Patty 

Infiltration 

(Including 

Cirrhosis) 

Cirrhosis 
(All Stages) 

Rossle (1933)* 

30 

1,223 




Haban (1933)* 

20 


230 


38 5 

Weller (1933) 

4S 


“Frequently noted 

” 87 5 


Beaver and Pemberton (1933) 

107 

1,316 

S7 S 

59 8 

14 9 

Cameron and Karunaratno (1935) 

30 

1,157 

SO 6 


33 3 

Present senes 

24 

1,275 

91 7 

83 3 

25 0 


* Iho senes of Ro=sIe and of Hahan are not complete 


was 1,600 Gm , while in 50 cases of accidental death it was 1,570 Gm 
It IS tiue that loss of body weight is a constant finding in hyperthyi oid- 
ism and that the weight of the liver should perhaps be computed as 
percentage of body weight Nevertheless, just as loss of geneial weight 
IS accepted as a clinical manifestation of the disease, loss of hepatic 
weight should be regarded as a pathologic change 

Fatty infiltration of varying degrees is common^ obseived in the 
hvei Probably the two factois of gieatest impoitance in causing this 
aie intoxication and insufficient oxygenation Canzanelh and Rapport 
found that the consumption of oxygen by the guinea pig hvei was 
depiessed when thyroid tissue was incubated with it This led them 
to suspect the presence of a substance in the thyroid inhibiting 
oxjfgenation 


21 Canzanelh, A and Rapport D Endocnnolocn 22 73 1938 




24 


ARCHIVES OF PATHOLOGY 


Connoi -- exiDiessed the belief that chronic severe fatty infiltiation of 
the liver progresses in many cases to “fatty ciirhosis ” With Chaikoft 
and Biskind he recently demonstrated that cirrhosis develops follow- 
ing severe fatty infiltration m depancreatinized diabetic dogs Fatty 
infiltiation occurred m all but 2 of my senes of 24 cases of toxic thyroid 
disease The pictuie was that commonl)’’ seen in fatty metamorphosis 
of the hvei Caie was taken to use the same standards throughout, 
not only in judging this change but in judging all pathologic changes 
noted m the liver Independent observations were made by another 
observer and the results caiefully checked The degree or intensity of 
the changes was specified by three descnptive teims — “mild,” “moder- 
ate” and “marked” (table 3) Of the 50 cases of accidental death, a 
diagnosis of alcoholism was made in 4 Probably the incidence of 
alcoholism would have been much highei had it not been for the fact 
that a considerable proportion of the patients died before legainmg 

Table 3 — Incidence of Fatty Infiltration of the Livei in a Senes of Cases of 
Hypei thyi oidisnt and in Conti ol Set tes 


Xumber Showing Gncn Degree of 
Tatty Infiltration 


Series 


Cases 

Mild 

Aloderate 

Marked 

Total 

To-^io thjroid disease 


24 

6 

9 

7 

22 

Chronic rheumatic heart disease 


50 

12 

10 

3 

25 

Accidental death 


60 

15 

10 

0 

31 


consciousness, so that no history was obtained Fatty infiltration of 
the livei was observed in 62 per cent of the cases in this group It 
was encountered in 50 per cent of the cases of chionic rheumatic heart 
disease and was almost invariably associated with severe chronic passive 
congestion Attention should be drawn also to the diffeiences in severity 
of this acute degenerative process in comparative studies Moderate 
to markedly severe fatty changes were encountei ed in the liver in 67 per 
cent of the cases of toxic thyroid disease, while of this range changes 
weie observed in only 26 per cent and 32 pei cent of cases, i espectively, 
of chionic rheumatic heart disease and accidental death 

While fatty infiltration of the liver may perhaps be considered an acute 
degenerative process, the presence of a low grade inflammatory reaction 
at the peripheries of liver lobules, associated often with patchy inciease 
in fibrous connective tissue and with lymphocytic infiltration, is certainly 
indicative of a moie chronic process It is consistently found in its 

22 Connor, CL J A M A 112 387, 1939 

23 Chaikoff, I L , Connor, C L , and Biskind, G R Am J Path 14 101, 
1938 
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most marked form m true diffuse cirrhosis of the liver This form 
of chronic localized interstitial hepatitis was found m 83 pei cent of 
the 24 cases reported here (table 4) The sole criterion foi making 
the diagnosis was lymphocytic infiltration of the peripoital areas No 
attempt was made to estimate changes in fibrous connective tissue except 
where marked periportal fibiosis or definite cinhosis was evident Com- 
parative studies showed this lesion to be present m 22 and 26 pei cent of 
cases, 1 espectively, of accidental death and chionic rheumatic heait dis- 
ease Fuithermore, the degree of change was ordinal ily far more intense 
in the cases of thyiotoxicosis than in the control groups 

The criteria used for the diagnosis of cirrhosis were degeneiative 
changes leading to the disappearance of hepatic cells, a chronic inflam- 
matory reaction occuiiing at the peripheries of the altered lobules, and 
legeneration of an impeifect type, such changes being generally dis- 
tributed in the hvei Cinhosis was found in 6 of the 24 cases, it was 
advanced in 2 and of model ate degree in 4 In only 1 instance was it 

Table 4 — Incidence of Chronic Localised Intel stitial Hepatitis in a Senes of 
Cases of Hypei thyi oidism and in Conti ol Series 


Isumber SboT\inE- Given Degree of 
Chronic Localized Interstitial Hepatitis 


Senes 


Cases 

Mild 

Moderate 

Marked 

Total 

Tomo thjroid disease 


24 

10 

6 

4 

20 

Chronic rheumatic heart disease 


50 

s 

4 

1 

13 

Accidental death 


00 

7 

S 

1 

11 

found in the accidental 

death 

senes 

and in 

no cases 

in the 

chi onic 

rheumatic heart disease 

series 

During the 

yeais 1935 and 

1936, in 


1,431 consecutive neciopsies the diagnosis was made sixty-nine times, 
an incidence of 4 7 per cent In the thyroid series there were 3 cases 
m which periportal lymphocytic infiltration was associated with patchy 
fibrosis The possibility exists that this is an earty stage in the develop- 
ment of cirrhosis 

It is difficult to evaluate the incidence of cirrhosis in this as compared 
with other reported senes because of the dissimilaiities in diagnostic 
cnteiia Most obseiveis have classified inci eased periportal fibrosis 
with the moie specific, easily lecogmzed cirrhoses and have called it by 
vaiious teims, such as “msulai cirrhosis,” “early chronic atrophic 
cinhosis” and “patch> chionic paiench 3 miatous interlobular hepatitis’ 
(table 2) Wellei expiessed the belief that ciirhosis of the Inei in 
hypei th}roidism occurs onl} as an advanced stage of chronic interlobular 
hepatitis Hahan, quoted by Baitels,^* suggested the name “cirrhosis 


24 Bartels, E C Ann Int Med 12 652, 1938 
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Basedowiana” foi the condition of those livers found in fatal cases of 
toxic thyroid disease which show any chionic lesions of a cirrhotic type 
Hepatic lesions secondaiy to chronic venous stasis were observed in 
9 of the cases of thyiotoxicosis The lesions most frequently encountered 
weie dilatation of venous sinusoids, atiophy of liver cords and varying 
degrees of necrosis of the cential zones A careful check on these 
changes was piovided by the senes of fatal cases of chronic iheumatic 
heart disease, in which well marked hepatic lesions secondary to chronic 
passive congestion were found in 80 pei cent of the cases Well marked 
hepatic fibiosis was observed in 9 of the 50 cases of chronic rheumatic 
heait disease, howevei, this inciease in connective tissue in all cases 
originated fiom the centers of the lobules instead of appearing in the 
peiiportal legions and was usually most maiked in the subcapsular 
lobules There was no evidence of associated chronic interstitial 


Table 5 — Incidence of Common Hepatic Lesions in a Senes of Cases of Dcficiencv 
of Vitamin Bi, the Vitamin Complex and Vitamin C as Com- 
pared with a Sei ics of Cases of Hypei tliyi oidism 





^ umber Showing 
On en Degree of 
Tatty Infiltration 


Aumber Slioiving 

Given Degree of 

Chronic Interstitial Hepatitis 

Senes 

Cases 

-Vild 

Aloder 

ate AlarLed Total 

aiild 

jUoder Cirrho 

ate Marked Total sis 

Vitamin B and C defl 







ciencios 

33 

14 

8 11 

S3 

14 

6 1 21 0 

Toxic thjroid disease 

24 

6 

9 7 

22 

10 

6 4 20 6 


hepatitis The lesion observed was that sometimes refeired to as 
caidiac ciiihosis 

Micioscopic study was made of the livers of 33 patients whose death 
was caused diiectly or indirectly by deficiency of vitamin C, vitamin B 
or the vitamin B^ complex Theie were histones of alcoholism in 14 
of these patients Although fatty infiltration was evident in every livei, 
the degree of involvement was more than moderate or marked in only 
57 per cent as contrasted with an incidence of 67 per cent in the toxic 
thyroid senes Well marked chionic interstitial hepatitis was found 
in onty 20 per cent and cirrhosis in none of these liveis (table 5) 

Microscopic sections of the thyroid gland were reviewed in every 
case There was maiked variation m the pathologic changes not only 
between sections fiom different glands but also between sections from 
the same gland Since iodine therapy had been instituted m the majority 
of the cases, varying degrees of involution were seen In 19 of the 24 
cases there was definite evidence of epithelial hyperplasia Associated 
with this proliferation of epithelial cells there were observed varying 
amounts of colloid, usually poorly stained and vacuolated An increased 
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number of newly formed blood vessels and lymphocytic infiltration in 
the interacinar tissue were also noted in almost ever}’' one of these 19 
cases In 4 of the 24 cases marked mvolutionaiy changes were present, 
with occasional epithelial spurs extending into the acini The colloid was 
well stained and the epithelium lining the acini flattened In each of 
these 4 cases, however, lymphocytic hyperplasia m the interstitial tissue 
was a constant finding The involutionary changes were believed to 
be due either to intensive iodine therapy or to a i emission of the hyper- 
thyroidism In 1 of the 24 cases a typical pictuie of adenocarcinoma 
was obseived 

ASSOCIATED CHANGES OBSERVED AT NECROPSY 

The possibility that pathologic changes may occur in the kidneys 
secondary to degeneiative hepatic changes has been advanced by numer- 
ous observers The term “hepatorenal syndrome” has fiequently been 
applied to the association, and various theoiies have been advanced to 
explain clinically evident renal insufficiency oi abnormal urinary findings 
in the presence of hepatic disease Many investigators who have pro- 
duced hepatic lesions by feeding thyroid substance ha\e reported asso- 
ciated renal changes, which they have asciibed solely to the induced 
hyperthyroidism Thus Farrant describes, in addition to “fatty 
degeneration” of the liver m thyroid-fed cats and rabbits, changes in 
the kidneys suggestive of “tubular nephritis ” Both Hashimoto and 
Goodpasture^® described paienchymatous changes in the convoluted 
tubules of the kidneys as Avell as in the livers of thyioid-fed albino rats 
However, Bartels found no disturbance in renal function as tested by 
the urea clearance test m 25 cases of hyperthyroidism 

In the present study, marked degenerative changes of the renal con- 
voluted tubules were noted in association with advanced cirrhosis of 
the liver in 1 case Extensive cytoplasmic degeneiation of the tubular 
epithelium was evident, and with the scarlet red staining technic in 
combination with study under the polarizing microscope it was possible 
to demonstiate large amounts of doubly refractile lipid in the epithelial 
cells There were no glomerulai changes to support a diagnosis of 
glomeiulonephritis In 4 other cases tubular degeneiative changes of 
lesser degree were noted, in 1 of which they weie associated uith 
ciiihosis of the liver Vacuolization of the epithelium of the loops of 
Henle was seen in the 2 cases complicated by diabetes mellitus 

Focal degeneiation of the myocardium, often described in fatal cases 
of hypeithyroidism, vas not noted in any case Changes in the adienal 

25 Goodpasture, E W J A AI A 76 1545, 1921, J E\per Med 34 407, 
1921 

26 Bartels, E C New York State J Med 39 117, 1939 
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bodies consisted of coitical nodulai hypeiplasia in 3 cases, so-called 
coitical adenoma in 2 and early adenocaicmoma in 1 Hypeiplasia of 
the thymus was obseived m 6 cases Leiomyoma of the uteius was 
found in 12 of the 20 females m the gioup 

COMMENT 

A great deal of attention has been paid to clinical obseivations of 
hepatic insufficiency m thyiotoxic patients Comparatively little note 
has been m’ade of the pathologic changes in the liver which might pro- 
duce this dysfunction Unfoitunatety, no Iner function tests weie 
done on the 24 patients m this study Howevei, icterus occuiied in 5, 
well marked in 2 and mild in 3 In a patient wnth an icteiic index of 
-f- 36 the most important etiologic factoi w^as piobably extensive passive 
congestion, although fatty mfiltiation also w'as obseived In 3 patients 
jaundice was associated wnth ciiihosis of the hvei In the fifth patient, 
a young man with a clinical history of only thiee months’ duration, 
who died in thyroid ciisis, icterus was confined to the scleras, and the 
only significant hepatic change was extensne fatty infiltration 

It has been suggested by various mvestigatoi s, Dinsmore and 
Lahey among otheis, that delirium and disoiientation aftei thyioidec- 
tomy and even death associated with h) perthyroidism aie chiefly due to 
hepatic failure Certaml) the almost invariable occui i ence of pathologic 
changes in the hvei in the 24 cases presented here is sti ong pi esumptive 
evidence of such a possibility This is the more conMucing since severe 
hepatic lesions, with the exception of fatty infiltration, w'ere negligible 
in the control group of 50 cases in which death resulted from tiaumatic 
injuries Except foi changes secondarj'- to chionic passive congestion, 
extensive alterations weie found with lelative infrequenc}’’ also in the 
control group of 50 cases in which death was due to chionic iheumatic 
heart disease In each of the 3 cases of hypei thyi oidism in wdiich crisis 
was a clinical manifestation theie w'as model ate fatty mfiltiation of the 
liver One of these cases showed associated chronic localized inter- 
stitial hepatitis, while anothei was complicated by well maiked cirihosis 
of the liver 

The possibility exists that too much importance has been placed on 
the constant finding of fatty infiltration of the liver in fatal cases of 
thyrotoxicosis, since such fatty change commonly occui s in many con- 
ditions other than hypei thyroidism How^ever, the high peicentage of 
association together with the seventy of the changes makes it impossible 
to Ignore them In the majority of cases a combination of several hepatic 
pathologic changes was noted Probably the lesion of greatest signifi- 

27 Dinsmore, R S J A M A 109 179, 1937 

28 Lahej , F H New England J Med 213 475, 1935 
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cance was chronic interstitial hepatitis, sometimes associated with peri- 
portal fibrosis or cirrhosis While lymphoc}tic infiltration at the 
peripheries of liver lobules without known cause is occasionally 
encountered in routine neciopsies, the degiee of involvement is usually 
slight 

No lesions weie observed similai to those repoited in the livers of 
animals suftenng fiom induced hyperthyroidism Although cential 
neciosis of hvei lobules was not infrequently encounteied, m every case 
chronic passive congestion could be demonstrated as the etiologic factor 
On the othei hand, congestion appeared to play no pait in the production 
of chronic hepatitis or ciiihosis Experimental evidence that admin- 
istration of excessi\e amounts of thyroid results in depletion of the 
glycogen in the liver and that a good stoie of glycogen exeits a pro- 
tective influence against poisons such as chloiofoim has suggested the 
hypothesis that the hepatic lesions m h3rperthyroidism are due to 
exhaustion of hepatic glycogen Cameron and Kaiunaratne® found 
that the minimal toxic dose of carbon tetiachloride foi thyroid-fed 
albino lats remained the same as for noimal control rats Clinically, 
howevei, Baitels-* lecently demonstrated that the use of a diet high 
in caibohydrate improved liver function, as indicated by the excietion of 
inci eased amounts of hippuiic acid 

An attempt was made to con elate clinical and pathologic observa- 
tions, but the senes of cases was too small to allow complete conclusions 
to be dra\vn Beavei and Pemberton-' expiessed the belief that the 
common factoi in the evolution of hepatic lesions appeals to be related 
to the seventy of the syndrome of exophthalmic goiter In the piesent 
senes, the aveiage duration of S3'^mptoms in 6 cases of th3^rotoxicosis 
associated with cirihosis of the liver was two and a half 3'^ears, if these 
6 cases aie excluded, the average duration of s3anptoms was slightly 
less than two yeais Lymphoc3'tic infiltration in the penportal regions 
was noted in all cases in which the duration of S3nnptoms was moie 
than one yeai but in onl3'- 8 of the 12 cases in wdiich the histor3'- was 
one yeai or less 

Two patients in wdiom th3’^roid disease w’^as complicated b3 diabetes 
mellitus piesented severe fatty infiltration of the liver In one of these 
cinhosis was also present Cirrhosis of the liver was piesent in both 
patients foi whom a diagnosis of chronic alcoholism had been made 
chnicalty in addition to that of h3peithyroidism The role that alcohol 
plays in the production of cirrhosis has been a source of contiovers3 for 
maity years among ph3 siologists and expeiimental pathologists The 
majorit3'^ of investigators have been opposed to the concept of alcohol 
as a direct cause of cirrhosis Recently Hall and Morgan pointed 

29 Hall, E M , and Morgan, W A Arch Path 27 674, 1939 
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out that accumulating evidence indicates that foi man, at least, the body 
and more especially the liver must be in a state of altered metabolism 
befoie ciirhosis will result from heavy dunking of alcoholic liquoi 
Possibly the hepatic lesions in these 2 patients might not have progressed 
to cirrhosis m the absence of heavy dunking The liver of another 
patient, who gave a history of moderate indulgence, piesented model ate 
fatty infiltiation and mild chionic interstitial hepatitis 

SUMMARY 

It IS believed that the results of this study indicate a relationship 
between toxic disease of the thyroid gland and hepatic damage The 
lesions of the hvei obseived in 24 fatal cases of toxic thyroid disease 
were loss of liver weight, fatty infiltiation, cnrhosis and l)mphocytic 
infiltration in the periportal regions, often associated with patchy fibrosis 
These hepatic changes appeared with greater fiequency and seventy in 
this senes of 24 cases than m a carefully studied gioup of 100 control 
cases 

The average weight of the hvei in the thyrotoxic group was 1,275 
Gm , as compaied with 1,582 Gm in the contiol group Fatty infiltra- 
tion was found in 92 per cent of the cases, while in only 56 per cent 
of the contiol group was there any evidence of this change Evidence of 
a chionic inflammatoiy reaction was found in 83 pei cent of cases 
of toxic thyroid disease whereas the incidence in the contiol senes was 
only 24 per cent The incidence of cnrhosis of the hvei was 25 pei cent 
in cases of hyperthyroidism and 4 7 per cent in 1,431 consecutive routine 
necropsies 

The hepatic lesions found in association with thyrotoxicosis cannot 
be said to result from passive venous congestion Their production does 
not appear to be i elated to deficiencies of vitamins B and C There is 
a possibility that the degeneiative lesions of the renal tubules which 
occur in patients suffering from hyperthyroidism may be due diiectly 
to the thyrotoxicosis or secondarily to the hepatic changes 

Despite the limited number of cases in the present study it seems 
evident that more chionic lesions are found in the livers of patients with 
longer histones of toxic thyroid disease The character of the pathologic 
changes in the hvei in fatal cases of thyrotoxicosis appears sufficient to 
explain the clinical evidences of hepatic insufficiency 
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Numeious studies have been made m the attempt to determine the 
cause and importance of the hpid deposits m the lining of the aorta and 
of the large arteries Most of them have been morphologic rathei than 
chemical Neither method has provided all the information necessary 
to interpret the conditions Some authors considered the lipid deposits 
incidental in the evolution of atherosclerosis, others regarded them as 
integral factors The fiist view ^ emphasized focal injuiies of the media, 
either anatomic (Thoma, Faber) or functional (Lange, Staemmler), 
as the initial changes It intei preted the intimal hypeiplasia as com- 
pensatory and the fatty and othei retrogressive changes ks secondaiy oi, 
at most, of limited importance According to the second view ^ (Maich- 
and , Lubarsch , Aschoft , Anitschkow , ^ Leary,® and others) , the essential 
factor IS the penetration of the plasma lipids into the intima Mechanical 
conditions favor plasma infiltration into the legions where subsequent 
degenerative changes and tissue reactions occur 

Wells'* le-viewed the early chemical studies These analyses 
demonstrated an increase in the lipid content of the aorta with advanc- 
ing age and seventy of atheiosclerosis The lipid extracts from athero- 
sclerotic aortas were leported to contain cholesterol, “lecithin” and fatty 
acids In 1926 Schonheimer ® in a s)’^stematic chemical analysis of 
atherosclerotic aoitas observed an increase of the total lipids and a varia- 
tion m the piopoitions of the various lipid constituents vith inci easing 
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This investigation was aided by the Watson K Blair Alemorial Fund and the 
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seventy of atheroscleiosis The cholesteiol esters varied fiom about 
10 pel cent of the total lipids in the aoitas of youths to 60 pei cent in 
those with atherosclerosis The aAeiage amount of fiee cholesteiol 
lemained constant Schonheimei ** latei lepoited an average of 3 per cent 
for the phospholipids and a piogiessive increase with age and degiee of 
atherosclerosis His phospholipid values weie low, piobably because 
of the method of extraction He also found undetei mined small amounts 
of fatty acids, “protagon” and a substance similai to "oxycholesterol ’ 
Neutial fats v eie not identified Page and Menschick ~ found a substance 
having absoiption bands at 238 and 320 millimicions in the cholesterol 
fi action of calcified aortas These absorption bands resemble those of 
cholestenone The significance of this obserration is unceitain Choles- 
terol fiom other viscera did not contain this light-absorbing component 
Schonheimei ® confiimed its presence in extracts of atherosclerotic aortas 
He was unable to detect eigosterol by specti oscopic examination, oi any 
tiace of vitamin D by biologic assay, in calcified aortic tissues 

Kimmelstiel’s ® systematic analysis of human aortas for cholesterol, 
phosphatides and galactosides demonstrated a pioportional inciease of 
all fractions until atheiomas formed Then the i elationships changed 
and the cholesteiol mci eased rapidly in comparison with the othei 
fi actions The galactoside content repoited by Kimmelstiel amounted 
to 1 to 1 5 pel cent of the di}'' weight of the aoita Lehnhen,^® in a 
compaiative study of aortas m diabetes and nondiabetic conditions, 
obseived that arteiiosclerosis m the aoita is associated with (1) 
increased amounts of cholesterol, phospholipids and fatty acids, (2) 
an inci eased propoition of cholesterol in the total lipids, and (3) 
inci eased amounts of calcium and phospboius with a diminished Ca/P 
latio The lipid deposits and other changes in diabetes weie similar but 
more marked Rosenthal’s^^ analysis of 500 aoitas for “fat” content 
confiims the previous reports that atheioscleiosis is associated with an 
increased lipid content of the tissue He made no attempt to determine 
the individual lipids The analyses mentioned thus far weie made on 
extracts of entire aortas 

Meeker and Jobling emphasized the local distribution of the lesions 
in athei osclerosis and stated that an aoita may have seveial stages ot 
the disease They correlated the lipid analyses of individual lesions with 

6 Schonheimer, R Ztschr f phvsiol Chem 177 143, 1928 

7 Page, I H , and Menschick, W Natunvissenschaften 18 585, 1930 

8 Schonheimer, R Ztschr f phjsiol Chem 211 65, 1932 

9 Kimmelstiel, P Virchows Arch f path Anat 282 402, 1931 

10 Lehnherr, E R New England J Med 208 1307, 1933 

11 Rosenthal, S R Arch Path 18 473 and 606, 1934 

12 Meeker, D R , and Jobling, J W Arch Path 18 252, 1934 
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the character of the atherosclerotic process With age, an increase in 
lipid content, especially of total cholesteiol, and a progressive increase 
in the ratio of combined to free cholesterol were noted in normal tissues 
In pathologic tissues the ratio increased, then decreased with the appear- 
ance of necrosis and calcification The proportion of phospholipids 
1 emained constant Zeek reported the same findings 

The purpose of this stud)'' is to determine the variations of the lipid 
constituents and of the calcium content of the intima and of the media 
of the aorta with increasing age and with increasing severity of athero- 
sclerosis The aortas used for chemical analysis were obtained during 
loutine postmortem examinations at St Luke’s Hospital The adventitia 
and associated fat weie stripped off without difficult) and discarded 
The more difficult separation of the intima from the media was accom- 
plished by placing the aorta with the intima down on a flat surface 
After a diagonal cut had been made witb a razoi blade at one coiner, 
the separation was started with the thumb nail, and the two coats weie 
pulled apart The intima was thin, translucent and without the fibrous 
charactei of the media The fat deposits generally were limited to the 
mtima When the coats were separated, there was no trace on the media 
of the lesion in the intima In marked atherosclerosis with extensive 
ulceration and necrosis, the media also was involved The separation of 
the mtima from the media was especially easy in aortas of advanced age 

ANALYSIS 

Evti actions — Representative portions of the media from the thoracic and 
abdominal portions of the aorta were weighed in a stoppered bottle, then torn 
into strips y& inch (0 32 cm ) wide, cut into fine pieces and transferred to a 
fat-free paper extraction thimble The tissues were extracted continuously with 
boiling redistilled 95 per cent alcohol for eight to twelve hours The thimble was 
washed several times with warm ether, the ether washings were added to the 
alcohol extract Further extraction with alcohol and ether demonstrated only 
small traces of residual lipid The alcohol extract and the ether washings w'ere 
evaporated to dryness in a w'ater bath at 60 to 70 C The oilj residue was taken 
up in small amounts of warm purified petroleum benzine (petroleum ether) and 
the liquid filtered through a fat-free paper into a 50 cc volumetric flask The 
volume w'as made up to 50 cc Portions of this extract were used for the determina- 
tions of lipid 

iDctciminafwns — (a) Nonlipid residue The extraction thimble was dried 
to constant weight in an oven at 110 C The dr\ weight of the tissues w'as 
determined by adding the weights of the lipid-free residue and the total lipids 

(b) Total hpid A 10 cc aliquot of the petroleum ether extract was pipetted 
into a tared porcelain ciucible and placed in an incubator until the sohent had 
e\aporated The crucible was dried to constant weight in a lacuum desiccator 

(c) Ash content The crucible containing the lipid residue was ignited to 
constant w'eight with a Meker burner A few drops of nitric acid were used to 
remove the last traces of carbon 


13 Zeek, P M Am J Path 12 115, 1936 
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(d) Cholesteiol A portion of the petroleum ether extiact was diluted with 
a 50 per cent mixture of alcohol and acetone until 2 cc contained between 0 1 
and 0 2 mg of cholesterol The free and total cholesterol were determined bv a 
slight modification of the Schonheimer and Sperry method The color readings 
were made with the Sanford-Sheard “photelometer ” Duplicate analyses checked 
within 5 per cent 

(e) Phosphatide Five cubic centimeter portions of the petroleum ether extract 
were pipetted into graduated 15 cc centrifuge tubes and the solvent was evaporated 
to 1 cc by immersing the tubes in hot water a few minutes Eight cubic centimeters 
of acetone was added and the phosphatides precipitated b}" the Bloor method 
The ether-soluble fraction (lecithin plus cephalm) was separated from the ether- 
insoluble fraction according to Kirki" The phosphorus was determined in each 
fraction by the Fiske and Subbarow method except that the color readings 
were made photoelectrically 

(/) Galactoside Hj’-drolysis uas carried out on 5 cc aliquots of the extiact 
by Kirk’s method and galactose determined by the ceric sulfate titration 
method of Miller and Van Slj'ke As the reducing power of galactose is not 
the same as that of dextrose, the ceric sulfate was standardized against the 
former sugar The reducing power of galactose was 80 per cent of dextrose, a 
result in agreement with the 83 per cent reported by Giragossintz, Davidson and 
Kirk -1 Strict proportionality was observed over wide ranges of concentration 

(fir) Fatty acids No direct method exists, unfortunately, for the determina- 
tion of free fatty acids in lipid extracts As free fatty acids are only a small 
percentage of the total lipid, a large error is introduced when the calculation 
IS made by difference between the total and the phospholipid and cholesterol 
fatty acids The percentage of residual lipid is probably a fair index of the fatty 
acid content, since Schonheimer s showed the absence of glycerides m significant 
quantities 

(/i) Calcium A portion of the lipid-free residue was weighed in a porcelain 
crucible, then ashed Several treatments with nitric acid oxidized traces of the 
organic matter The ash was determined, the residue treated with a little hydro- 
chloric acid and diluted to a definite volume, and the calcium in an aliquot 
determined by the Clark and Colhp method 


RESULTS 

Media — The variations in the Iipid constituents of the media with 
advancing age are given in table 1 Although all these tissues appeared 
normal in the gross, microscopic examination disclosed that the media 
of the aged tissues, especially those with large plaques, had lipid deposits 

14 Schonheimer, R , and Sperry, W M J Biol Chem 106 745, 1934 

15 Sanford, A H , and Sheard, C J Lab & Clin Med 15 483, 1930 

16 Bloor, W R J Biol Chem 82 273, 1929 

17 Kirk, E J Biol Chem 123 623, 1938 

18 Fiske, C H , and Subbarow, Y J Biol Chem 66 375, 1925 

19 Kirk, E J Biol Chem 123 613, 1938 

20 Miller, B F , and Van Slyke, D D J Biol Chem 114 583, 1936 

21 Giragossintz, G , Davidson, C , and Kirk, P L Mikrochemie 21 21, 1937 

22 Clark, E P , and Collip, J B J Biol Chem 63 461, 1925 
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Despite individual variations, there is a definite increase in the total 
lipid content of the media with advancing age The incijease is geneial 
for all hpids studied except the lecithin-cephalin fraction The tiends 
can be seen better in table 2, where the mediae have been divided into 
three age gioups The free cholesteiol m the youngest age gioup is about 

Table 1 — Vmiation m Composition of Media with Age 
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24 
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25 

84 

68 7 

13 00 
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4 00 
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162 

1 74 

3 36 

1 24 

7 0S 

2 22 


* The content is given as percentage of vet tissue 
t The content is given as percentage of dry tissue 


Table 2 — Variation in Composition of Media by Age Gioups 


Phosphatidef Nonlipid 
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• The average content is ghen as percentage of net tissue 
t Tlio a\erage content is given as percentage of drj tissue 

1 per cent of the dry weight of the media The cholesterol estei is 
slightly higher, the ratio being about 12 In the middle age group 
both values increase slightly, but the latio 1 1 remains about the same. 
In the third age gioup the values foi free and combined cholesterol 
increase gieath', the former by about 40 per cent the latter b} 130 
per cent The ratio thus increases markedly to about 1 8 
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The phosphatides in the mediae of gioup 1 aie 2 21 pei cent of the 
di}^ weight with the lecithin-cephalin piopoition about 90 per cent of 
the total Gioup 2 has an inciease of 22 pei cent of total phosphatide 
ovei gioup 1, due to the increase (600 pei cent) in the sphyngomyelin 
(ether-insoluble fi action), which gieatl}'’ exceeds the decrease in the 
ethei -soluble phosphatide of 41 per cent In both phosphatide fractions 
theie IS a furthei slight inciease in the highest age group, but the 
proportions remain essentiall}'^ the same The significance of these 
phosphatide values is unknown The galactoside values paiallel those 
of sphyngomyelin Too much significance should not be given these 
galactoside values, howevei, because of the inaccuiacies inheient in the 
method of analysis Though somewhat lowei than those reported pie- 
viously,““ they are piobably closei to the actual values 

The percentage of unidentified lipid material increases slightly with 
age The exact composition of this fraction is unknowm, but a large pro- 
1101 tion piobabl}'' is fiee fatty acids 

The lipid values of the first two age groups undoubtedly represent 
values for normal tissue Histologically, stainable lipid is absent The 
mediae of the highest age gioup have some deposits microscopically, 
grossly, there was no evidence of such deposits These lipids appealed 
micioscopically as diffuse bands lying between, but not involving, the 
elastic fibeis Such medial involvement appealed only under necrotic 
intimal lesions, especially in the abdominal poi tion, and was confined to 
the layers adjacent to the intima 

Of the nonlipid constituents, the moistuie content remained relatively 
constant Individual A^anations Aveie great piobably because of evapora- 
tion during preparation There AA^as no marked trend Avith age The 
calcium content of the media, low in young aortas, adA^anced regularly 
Avith age to 2 57 pei cent of the dry Aveight in the oldest This increase 
m calcium w^as Avithout demonstrable microscopic change The calcium 
content in general paralleled the total ash content 

Intima — The intimas chosen for analysis AA'^ere free fioin gross lipid 
deposits Microscopically, howeA'er, there AAi-eie occasional foam cells, 
but the small number of these in comparison Avith the total tissue had 
no great significance The large amount of lipid in the intima as com- 
pared with the media of the same aorta w'^as remaikable The calcium 
content of the intima Avas Ioav m compaiison Avith that of the media 
Summary — The results indicate that an accumulation of lipids, 
including both cholesterol and phospholipids, occurs in the aging process 
of the aorta The inciease is most marked in the cholesterol esters and 
sphyngomyelin There is no definite correlation betw'’een these increases 
in the media and the tjpe of lesion in the intima 
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The increase of calcium in the media with age seems to indicate 
a normal physiologic process without causal relation to, and probably 
not significant in, calcification of the intima This appears cleaily in a 
comparison of the calcium content of the media with the condition in 
the corresponding intima For example, m the middle age gioup there 
are six media tissues, nos 7, 8, 9, 10, 12 and 14, with about the same 
calcium content In two of these, 8 and 12, there weie scarcely any 
changes of the intima , in nos 7, 10 and 12 there was moderate athero- 
sclerosis, in no 9 theie was severe atherosclerosis with extensive calcifi- 
cation The lack of con elation between intimal and medial calcification 
IS even more obvious in the highest age group Nos 21 and 25 con- 
tained the lowest amounts of calcium, the corresponding intimas had 
marked calcification No 16, very high in calcium, had a practicall> 
noimal intima without calcification and with only slight fatty changes 

Table 3 — Vmmtion m Coiiiposttton of Intima zvith Age 
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018 
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* The content Is given as percentage of wet tissue 
t The content Is given as percentage of dry tissue 

Though not enough normal intimas have been analyzed to permit 
generalizations as to the variation of lipid ^\lth age, intimal tissue has a 
1 datively high lipid content and a low calcium content as compaied 
with media 

The water content of media, in spite of large individual sanation, 
has no significant vai lation with age This observation does not suppoi t 
the hypothesis of Wells ‘ that arteriosclerosis arises from an inabilit} 
to hold the constituents in solution as a result of the dehydiation of the 
elastic tissue with age 

The results lecorded in the preceding paragraphs disclose with 
advancing age an accumulation of lipids and calcium in the media inde- 
pendent of the atheiosclerosis in the intima Anal 3 ses of intimal lesions 
m atherosclerotic aortas ma} be summaiized as follow's The lesions w^ere 
sepaiated as much as possible fiom the normal medial and intimal 
tissues and classified as fatty, fibrous and calcified plaques and atherom- 
atous ulceis The fiist type was the streaked or nodular vellow deposit, 
in -which the lipid material ivas mainh^ intracellular and the intiina was 
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slightl) thickened but not appreciably scaired The second type had 
raised irodules or diffuse plaques covered with tough fibious material 
v ith the typical pearly luster, necrosis and pooling of lipids The third 
type consisted of brittle calcified plaques r\ith centers of soft necrotic 
ruaterial, characteristic of these late lesions The atheromatous ulceis 
were ruptured or at the stage of incipient rupture, and contained, in 
addition to the soft necrotic lipid material, clotted blood and some visible 
calcification These types probably leirresent successive stages of the 
disease 

Tablh 4 — Values of Conshtuents of Inttmal Lesions Accoiding to Age 
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* The lalue is given ns percentage of vet tissue 

t The value is gnen as percentage of drj tissue 

} The value is given as percentage of total lipid 


The results of the analyses are in tables 4 and 5 The values weie 
determined as described for media except that the rvalues for the lipid 
constituents represent the percentage of the total lipid rather than of 
the dry tissue As the disease progresses through fibrous thickening 
calcification and atheroma, there is an increase of free cholesterol as 
well as of cholesterol ester s up to a certain lev^el , then a decrease m 
the lattei is noted This confirms the observ^ations of Meeker and 
Joblmg who noted a decrease in the ratio of cholesterol esters to free 
cholesterol in the late stages In these analyses the deciease in the ratio 
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IS not so great The total phospholipid remained relatively constant in 
the various lesions, but within this lipid class extremely wide variations 
were noted between the proportions of ethei -soluble and ether-insoluble 
constituents Here, as m the media, there was a decrease in the 
ether-soluble phosphatides and an increase in the sphyngomyelm fraction 
The high proportion of sphyngomyelm in many of these extracts is 
significant because previous workers have termed this fraction lecithin 
Some anomalies are noted with regard to the phospholipid fractions wdien 
diflferent types of lesions from the same aortas are compared Foi 
example, three tissues were analyzed from aorta 20 normal media 
and calcified and fibrous tissues from the mtima Ether-soluble phospho- 
lipids were absent, and the phospholipid fractions were lov 1 he extracts 
from the media and mtima of aorta 10 \vere high m ether-soluble 
phospholipids, whereas the fibrous plaques contained only a small pio- 

Table 5 — Aveiage Values of Constttucuts of Intimal Lesions 


Composition of Lipid Extract 
Corrected for Ash Content 
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181 

47 5 

59 

90 

14 9 

4 3 

15 0 

3 94 

Oalcifled tissues 

3S6 

12 8 

21 9 

47 2 

39 

93 

13 2 

46 

131 

24 3 
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♦ The content is gi\cn as percentage of -Hct tissue 

t The content is given as percentage of drj tissue 

} The content is gUen a^ percentage of total lipid * 


poition of this fi action The galactoside fraction taried wideK and 
inconsistently m the lesions 

There w’^as also a shaip decrease m the “neutral fat-fatty acid ’ 
fraction The values for this fraction were obtained by difference 
thus, its actual composition is unknown It consists probably of free 
fatty acid, a small proportion of neutral fat, and some unsaponifiable 
matter i elated to cholesterol 

There w^erc no gieat or abrupt changes m the hpid composition with 
advancing severit) of the lesions EAen in extremely necrotic and cal- 
cified lesions the diffeience in lipid composition from normal tissue did 
not vary gieath fiom the indnidual variations found m extracts of 
lesions of the same type 

As m the normal mtima the amount of calcium found m the earh 
deposits IS small Not until fibrous thickening and pooling of lipids 
occur IS there an increase m calcium content High calcium values are 
found thereafter especially where MSible calcification has occurred 
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COMMENT 

If the lipid deposits in atherosclerosis of the aorta arise thiough 
infiltration by the plasma without selective activity of the tissues, the 
early deposits in which little neciosis has occurred should approximate 
m composition the lipid portion of the blood plasma The most com- 
prehensive study of the lipid composition of human plasma is that of 
Page, Kirk, Lewis, Thompson and Van Slyke They detei mined free 
and total cholesterol and phospholipid in the peti oleum ether extracts 
of blood plasma from normal men of ages from 20 to 101 years The 
analyses, made accoiding to the gasometiic methods of Van Slyke and 
co-workei s,~^ aie the best figuies available at present The cholesterol 
and phosphatides were determined directly, the “neutral fat” fraction 
was computed by diffei ence between the total lipids and the phosphatides, 
cholesterol and cholesterol esteis As ceiebrosides were not detei mined 
by these authors, this fraction has been included in the neutral fat frac- 
tion in our figures to piovide a better basis of compaiison between the 
two sets of values There is a striking agreement between these figures, 
as shown in table 6, despite the diffeiences in analytic proceduies 


Table 6 — Compatison of Ltptd Composition of Blood Plasma and Aiteiial Tissue 



Blood 


Early 



Plasma* 

Intima* 

Plaques* 

Media* 

Free cholesterol 

141 

14 2 

16 2 

17 3 

Cholesterol esters 

SS3 

88 6 

38 5 

16 7 

Phospholipids 

22 8 

201 

100 

341 

Neutral fat, ete 

23 3 

271 

26 3 

319 


* The values are given as percentages of total lipid 


In a recent article Kirk reported on the distribution of the three 
individual phospholipids and cerebiosides in blood plasma Among 
these four constituents are the same large vaiiations we found in the 
tissue lipids, thus affoiding additional, though indirect, evidence that 
the latter are derived directly from the plasma 

The close agreement in composition between lipid extiacts from the 
plasma and the normal intima and the wide differences between the lipid 
extracts from the latter and the media indicate that the lipids of 
the intima oiiginate in the plasma rather than in the protoplasm of the 
cells The main portion of the lipids of the intima, in othei woids, 
IS extracellular The foregoing comparison supports the validity of 
Anitschkow’s hypothesis that the intima is fieely peimeable to the lipids 

23 Page, I H , Kirk, E , Lewis, W H , Thompson, W R , and Van Slyke, 
D D J Biol Chem 111 613, 1935 

24 Kirk, E , Page, I H , and Van Slyke, D D J Biol Chem 106 203, 
1934 
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of the plasma and that the intima wall exerts no selective action on 
these hpids The close agreement between the composition of the 
extracts from the noimal intima and that of the early fatty deposits 
suggests further that these deposits arise thiough nonspecific deposition 
of the plasma hpids The changes in hpid composition which occur 
with advancing se\erity of the disease may be the result of seveial 
simultaneous and diflFerent processes These are phagocytosis, with othei 
attempts of the tissues to lemove a foreign substance, and necrosis lesult- 
ing from altered nutrition or fiom chemical action of the lipid substance 
deposited m the tissues These processes are secondary to an initial 
deposition of lipid, as is borne out b) the appearance of stamable lipid 
in the intima as the earliest change observed microscopically 

Cholesterol, the only specific hpid detected microscopically, has been 
stressed as the important substance in athei osclerosis The dramatic 
consequences of cholesteiol feeding in rabbits have emphasized further its 
importance The analytic results reported here indicate, howevei , that not 
merely cholesterol but hpid substances in general are involved in athero- 
sclerosis They indicate that the effect of cholesterol in the production 
of experimental atherosclerosis is not diiect but is exerted through its 
effect on the physicochemical state of the hpids as a whole in the plasma 
This role of cholesterol in atherosclerosis may be verified by experiments 
in labbits and by analyses of aortic lesions similar to those reported 
here Although there is reasonable evidence that the hpids m the lesions 
of athei osclerosis oiigmate m the blood plasma, the cause of then 
deposition remains obscure 

SUMMARY 

The hpid and calcium contents of the media of the human aoita 
increase with age The increase is not con elated vith the degree of 
atherosclerosis of the intima 

Intima without lesions has largei amounts of hpid and smallei 
amounts of calcium than the coi responding media 

With increasing severity of the atherosclerotic lesions of the intima 
the proportions of free and combined cholesterol increase until the onset 
of necrosis, then the proportion of the combined cholesterol decreases 
Also, theie are increased proportions of ethei -insoluble phospholipids and 
calcium and decreased proportions of ether-soluble phosphatides, galacto- 
sides and fatty acids 

The proportions of the individual hpid constituents in the intima 
and in the simple fatty deposits of the intima correspond closely vith 
those reported foi these substances in blood plasma These relations 
imply that the hpid deposits in the intima are the result of nonselectne 
infiltiation and piecipitation of hpids from the plasma of the blood 

25 Chnstnnson O O Arch Path 27 1011, 1939 
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The occasional occurrence of so-called extraslceletal osteogenic 
sarcoma is well known The tendency of forms of traumatic myositis 
ossificans to simulate malignant osteogenic sarcoma and rarely to 
become such is also recognized Extraslceletal osteogenic sarcoma not 
related to traumatic myositis and osteosaicoma probably originating in 
heterotopic bone deposits in various viscera are also familiar, and these 
plus a numbei of tumors resembling osteogenic sarcoma and readily 
confused with that disease ai e of sufficient interest to warrant an attempt 
at analysis of conditions under which they arise and peculiarities leading 
to their curious morphologic appearance 

Early medical obseiveis recognized the laiity of osseous tumors 
unrelated to the bony skeleton In 1700 Boneti ^ described an osteoma 
of the mammal y gland Morgagni,^ in 1769, Astley Cooper,® m 1845, 
and Johannes Muller,^ in 1838, described ossified tumors of the female 
breast Numerous reports concerning bone and cartilaginous tumois of 
the mammary gland appeared duiing the latter pait of the nineteenth 
century Raso,® in 1937, was able to collect 75 cases of ‘ chondro- 
osteoma” and “chondro-osteosarcoma” of the human mammary gland 
He cited 8 cases of so-called osteogenic sarcoma of the breast vhich he 
found recoi ded m the literature 

Pick,® Funkenstein,^ Solaio® and Binders and Pemberton® have 
reported cases of osteogenic sarcoma primary in the thyroid gland 

From the Memorial Hospital 

1 Boneti, T De ventris tumore, in Sepulchretum, sive anatomia practica 
excadaveribus morbo denatis, Geneva, Cramer et Perachon, 1700, vol 3, sect 21, 
obs 61, p 522 

2 Morgagni, J B The Seats and Causes of Diseases, translated by B 
Alexander, London, A Miller and T Cadell, 1769, vol 3, letter L, obs 41, p 63 

3 Cooper, A The Anatomj^ and Diseases of the Breast, Philadelphia, Lea &. 
Blanchard, 1845, p 47 

4 Muller, J Uebei den feinern Bau dei krankhaiten Geschwulste, Berlin 
G Reiraer, 1838, p 48 

5 Raso, M Pathologica 29 229, 1937 

6 Pick, F Ztschr f Heilk 13 71, 1892 

(Footnotes continued on nert page) 
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Coley/® Rhoads and Blumgart/^ Mallory and others liave diseusscd 
osteogenic tumors occurring in the soft parts, many of them histologically 
identical with osteogenic sarcoma of the bony skeleton Most of these 
tumors were described as clinically benign, although often the patients 
were inadequately followed Coley pointed out that a few of the osteo- 
genic tumors which arise on the basis of traumatic myositis aie clinically 
malignant, and the patients have pulmonaiy metastases Butler and 
Woolley reported a metastasi/ing osteogenic sarcoma which developed 
in a bulky calcified hematoma Ewing has often mentioned osteogenic 
sarcoma developing m a calcific deposit of old phthisis bulbi Heterotopic 
bone formation is evidently common in phthisis bulbi 

The quoted literature and other papers which for bievity’s sake aie 
not cited here offer little or nothing concerning the mechanism of the 
morphogenesis of these curious tumors Thus osseous and cartilaginous 
tumors of the uterus, ovary, lung, kidney, pleura, meninges and othei 
tissues are described, but their morphologic nature is unexplained 

Experimental workers in the early part of the century presented 
histologic evidence of metaplasia of connective tissue into bone More 
recent investigations, such as those of Asami and Dock,’'* Huggins and 
others, have stressed the concept of metaplasia of connective tissue into 
bone under some unknown infiuence Leriche and Policaid’® leealled 
the old observations of von Recklinghausen on the relation of calcification 
to slowing of the lymphatic flow They pointed out that in ossification 
following fracture the most important morphologic indication in the 
region to be ossified is the appearance of an edematous state, hard and 
lardaceous, and peculiar to connective tissue about to ossify 1 hey noted 
that a gelatinous substance infiltrates the interstices of the connective 
tissues They emphasized the fact that zones which may be expected to 
ossify soon have few vessels and they linked the aforementioned edema 
to defective circulation and stagnation of the connective tissue fluids 
Newly formed spicules of bone are said to be situated as far as possible 

7 Funkcnslein, O Virchows Arch f patii Anat 171 34, 1901 

8 Solaro, G Clin chir 21 1101, 1913 

9 Broders, A C , and Pemberton, J dc J Surg , Gynec &. Obst 58 100, 

1934 

10 Coley, W B Ann Surg 57 305, 1913 

11 Rhoads, C P , and Blumgart, H Am J Path 4 363, 1928 

12 Mallory, T B Am J Path 9 765, 1913 

13 Butler, F E, and Woolley, I M Radiology 26 236, 1916 

14 Asami, G, and Dock, W J Exper Med 32 745, 1920 

15 Huggins, C B Arch Surg 22 377, 1931 

16 Leriche, R , and Policard, A The Normal and Pathological Physiology of 
Bone Its Problems, translated by S Moore and J A Kev, St Louis, C V 
Mosby Company, 1928 
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fiom the blood capillaiies which enter the nonossified connective tissue 
spaces These authois likewise noted that an increase in circulation of 
the blood lesults in lesorption of bone, that new bone foiination may 
follow concomitant larefaction of eithei bone or calcified elements and 
that rarefaction eithei of bone or of calcified substance may lead to new 
bone foimation in the neighboring connective tissue The i elation of 
blood supply to noimal calcification of bone has lately been emphasized 
by Blair 

We aie not inleiested m merely adding to the numbei of reported 
cases of ossified soft pait tumors but rathei m determining the mecha- 
nism of then moiphogenesis Study of a number of extiaosseous tumois 
Avhich bear at least some resemblance m ceitain of then areas to osteo- 
genic saicoma convinces us that these aieas piesent several modes of 
oi igm 

The simplest oiigiii is seen m the ossified basal cell caicmoma In 
the examples of this tumor in oui possession a metaplastic oiigin of the 
bone in the sense of true metaplastic epithelial bone cannot be seiiously 
considered The eailiest indication of impending ossification is found 
m a thick hyaline deposit about capillaries and tiny aiterioles The 
hyaline substance is not at this stage confihcd to the pericapillai) aiea 
but is found m the capsulai connective tissue of the tumoi and in the 
walls of majoi vessels of the vicinity Whethei changes appear first 
in the largei oi m the smaller vessels cannot be detei mined fiom this 
material The Ityahnization about capillaiies seems to lead to total 
obliteration, and m many h} aline strands no lumen can be identified The 
process may involve a considerable aiea Theie follows a peculiai bluish 
edematous degeneration of the hyaline cord, and calcific gianules are 
deposited in this matiix The calcific plaque is not confined to the h} aline 
tissue of the tumor stioina but may be found in the ^\alls of surrounding 
larger vessels Wheie readily identifiable vessels remain they show a 
definite tendenc)'^ to assume a thin-walled cavernous foim, possibly a 
dilatation following moie distal obstruction through hyaline obliteration 
Be that as it may, it is clear that one of the conditions foi ossification 
and calcification in this tumor is circulatory failuie caused by (1) hyaline 
obliteration of capillaries and (2) development of cavernous vessels 
favoring stasis and consequent probable anoxemia A feature which 
escapes explanation is the cellularity of the residual peiiosseous stroma, 
which may approach that of a ti ue neoplastic process and in appearance 
may be linked, perhaps, to active myositis ossificans Osteoblast con- 
densation may be noted Numerous multinucleate giant cells testify to 
lesorptive activity 


17 Blair, H C Surg, Gynec & Obst 67 413, 1938 
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It IS the cellulanty of the interosseous stroma which causes difficulty 
in deciding whethei the bone is formed in connective tissue or whethei 
it IS metaplastic bone in the sense that the epithelial cells of the tumor 
become bone cells The sepaiation of tumor cells and intei osseous stroma 
IS difficult Tumoi cells invade the stroma and bieak up into fine stiands 
and isolated elements which when molded by surrounding spindle-shaped 
cells tend to assume a spindle foim, and one deiives the false impiession 
that these cells are enteiing into bone Ulceration, gianulation tissue and 
infection further confuse the pictuie Bone development, however, is 
cleaily defined wheiever it is seen to proceed independent of epithelium 

Such a lesion, despite its supeificial lesemblance to a bone-forming 
tumor, is of course nothing of the sort The bone is not neoplastic bone 
in the usual sense It is quite possible, however, that this soit of bone 
foimation passes over into neoplastic osteogenesis Indeed, we have good 
evidence that essentially similai mechanisms obtain in tumors which 
cannot be distinguished on mere moiphologic grounds fiom osteogenic 
sai coma 

An interesting combined cancel and osteogenic sai coma was recently 
reported by Budd and Breshn They interpreted it as a mixed tumoi 
because the osteogenic tissue exhibited as much evidence of invasion and 
lapid and autonomous growth as the carcinoma The difficulties of 
interpretation of the mateiial aie evidenced by the fact that Ewing, 
Mallory and Masson, all of whom saw the material, reached dffierent 
conclusions as to the nature of the process Since the sections sent by 
Budd to Ewing aie still in the Memorial Hospital collection, they have 
been restudied by us in connection with sections from other tumoi s of 
peitinent types, and oui views coincide with those of Ewing, although his 
letter is not sufficiently specific to indicate his o^\■n detailed explanation 
of the histologic pictui e The description of Budd and Breshn indicates 
that the tumor was one of long duration in a state of essential quiescence 
(twenty-eight yeais) It is therefore most unlikely that it was mammary 
cancer, for if it were, w^e should have to assume that mammary cancel 
developing in a young wfoman of 30 yeais — a peiiod of unusual malig- 
nancy for the average mammary cancer — grew slowly foi twenty-eight 
years Masson and Ewing classed the tumor as mammai} Mallory 
believed it to be mammar}'-, since he thought it oiiginated in a fibio- 
adenoma, yet Budd and Breshn did not describe it as in the bieast but 
1 athei as situated in the wall of the chest 3 5 cm below^ the midclaiacular 
area It w^as attached to and elevated the skin 

Budd’s sections aie mteiesting In one there is a small focus, well 
outside the main tumor, w hei e a small sweat gland appears wath a dense 

18 Budd I W , and Breshn, F J Am J Cancer 31 207, 1937 
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hyaline stioma This minute aiea resembles a cylindi omatous sweat 
gland tumoi though it is scarcely large enough to be a tumor at all 
Nevertheless this finding gives a hint as to the nature of the mam tumor 
and the basis foi its general resemblance to mammary cancer It also 
affords a leason, based on the known behavior of sweat gland tumors, 
why the tumoi grew so slowly There is evidence that the mam tumoi 
had long possessed a dense hyaline connective tissue capsule and that 
extensive hyaline alteiations in the stroma had been piesent Also the 
suiioundmg A'^essels aie markedly thickened In one section there is 
evidence of widely dilated lymph ( ?) spaces with some blood, or possibly 
of blood spaces, suggesting the stasis seen in other lesions wheie ossifica- 
tion or calcification has supervened The question m oui minds is whethei 
the bone is being foimed oi being destro3'ed, and it appears to us that 
destiuction is ob\ious, wheieas new foimation of bone is at least doubt- 
ful We aie not convinced that osteoblasts aie piesent, and, on the other 
hand, clasmatocytes aie numeious The latter are found also m the midst 
of aieas of obvious cancel, and the onN known leason foi their being 
present in such areas is that these zones pieviously contained bone oi 
calcified material which had disappeaied under the cancerous invasion 

Diffeiences of mteipretation aie possible as to the relation of the 
epithelial tumoi cells to the bone It is ceitam that in cross section 
many tumoi cells appear to be surrounded by hyaline matrix or bone, 
but, on the other hand, it is also clear that malignant tumor cells are to 
be found invading bone from without, in penetrating strands, and that 
cells apparent^ surrounded by bone may be found in rows of two or 
three like an epithelial tumor Where bone is farthest removed from 
surrounding cancer, we do not find obvious cancer cells m the bone but 
only bone cells or empty spaces In our opinion, the malignant cells 
found within the bone are cells of an epithelial tumor, the spindle cells 
represent metaplastic epithelial cells, and we therefore agree with Ev mg 
that the tumoi is purely epithelial We believe that the resemblance to 
osteogenic sarcoma is striking but that on moie minute analysis it falls 
down and that we are dealing with an old calcified, ossified epithelioma, 
probabl}'- of sweat gland origin, in which cancer has developed, sveat 
gland cancer often having a close resemblance to classic mammary cancer 
for obvious reasons, and that the resemblance to osteogenic sarcoma is 
the result of rapid invasion and dissolution of preformed stiomal 
bone by cancel Thus the process differs from what is usually considered 
a malignant mixed tumor We apologize for offering an unsolicited 
fourth opinion on this interesting tumor After we had leached our 
opinion, there appeared in the literature a description of a similar tumor 
by Tudhope,’-® concerning which he reached a conclusion nearly similar 

19 Tudhope, G R J Path & Pact 48 499, 1939 
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to ours, the difference being that his tumoi was originally definitely 
mammary fibroadenoma 

A resemblance to osteogenic sarcoma is seen in a curious, exceedingly 
vascular mammary cancer in which the events leading to the histologic 
similarity between the carcinoma and osteogenic sarcoma are at least 
partially traceable 

The tissue sunoundmg the tumoi is made up of hypertiophic 
mammary lobules with their branches widely separated by edematous 
connective tissue infiltrated with lymphocytes The mammary fat tissue 
IS unusually vascular and almost hpomatoid In certain of the lobules 
small invaginations of duct epithelium have developed Both m these 
invaginations and in the lumens of the glands are prominent calcific 
psammoma bodies The indications aie that the deposition of calcium 
occurs m areas of intiaductal hemorrhage A source of calcium for 
subsequent events is thus present 

The tumor itself is obviously a low grade comedo carcinoma where 
it can be recognized as carcinoma at all Now evidently a circulatory 
accident has occuired which has resulted m communication between the 
ducts, lined by comedo carcinoma, and vessels, with conversion of pait 
of the tumor into a markedly telangiectatic structure It is possible that 
in the telangiectatic aiea a calcium surchaige is present Indications 
of an excess of calcium have already been noted At any late, large 
numbers of epuhs-like giant cells are present in the area , the resemblance 
of the lining cells to comedo caicinoma is so altered that the separated 
cells cannot readily be identified as epithelial, an effusion of blood 
together with cells occurs into the loose connective tissue, wheie resem- 
blance to epithelium is further lost Tumoi giant cells, epulis-hke giant 
cells, telangiectasia and loose tumor cells, no longer recognizable as 
epithelial m origin, complete the resemblance to telangiectatic osteogenic 
sarcoma 

In another tumoi of similar nature the epulis giant cells are so 
numerous that wide areas duplicate the stiucture of benign giant cell 
tumor of bone 

In our cartilage-containing tumoi s of the human hi east, tumors 
resembling the common cancer of the canine breast, we find no satis- 
factory explanation foi the appearance of the cartilage It seems to be 
associated with a mucoid edema of the spindle cell poition of a mixed 
“carcinosarcoma,” obviously in some instances a development in a pre- 
existing fibroadenoma The edematous connective tissue is rather vas- 
cular, being well equipped with capillaiies having only an endothelial 
wall The evidence of stasis previously described is not found in these 
edematous areas, and occlusive hyalmization of a essels is not seen The 
static type of circulation may appear later, aftei the formation of rather 
adult-looking cartilage, but then it foims a sort of cavernous plexus about 
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the cartilaginous aieas The evidence in oui material is insufficient to 
indicate that the ciiculatoiy changes are causal, and the reason for the 
characteristic cai tilaginous development in these tumor s is totally obscure 
To call them mixed tumors or to invoke a teratoid oiigin evades the 
question 

It IS evident fiom anothei mammar)'^ tumor — a puie epithelial “carci- 
nosarcoma” — that the static type of circulation with hemorihage rs not 
alone sufficient to pioduce calcification oi ossification m the mammary 
tumor The lesion is a ciicumscribed solid adenocarcinoma made up of 
plexifoim sheets of closely packed small polyhedral cells In places the 
closely packed aieas of epithelial cells give way to progiessively loosei 
areas ^\here the picture changes from one m which the resemblance to 
condensing mesenchyme is sti iking to one in which the epithelial character 
of the cells is lost through their becoming mingled diffusely v ith mono- 
nuclear phagocytes, plasma cells, loose elements of areolar tissue, giant 
cells and blood In these loose areas there is hemorrhage, the vessels 
are widely dilated and have only a single endothelial layer and one gets 
the impression of marked stasis Howe\er, no hyaline tissue is found, 
nor does one find evidence of calcium Apparently, despite the piesence 
of a circulatoi}’’ picture found m othei instances in which ossification has 
occuried, the connective tissue fails to piovide through piehminary 
hyalinization an ossifiable medium 

The relation of heterotopic bone foimation to blood vessels is seen in 
the evolution of a curious tumor of the lower extremity A senes of 
biopsy specimens show the progress of the lesion The piocess begins 
in multiple small, lobule-like capillary angiomas (fig 1) These he in 
fat tissue, but the fat lobules appear rathei fibiosed, and in the inter- 
stices between the capillaries the active cells appeal to be spindle cells 
of the connective tissue rather than fat cells In each of the smallest 
lobules IS a cential vessel of the calibei of a small aiteiiole This 
branches in all diiections toward the peiiphei}'- of the circumsciibed 
lobule, the teiminal branches being capillaiy in type The larger vessels 
show a poorl}’- developed muscularis, the cells of which aie poorly diffei- 
entiated from fusifoim or blanched connective tissue cells occupying the 
inteivenmg loose aieolar tissue, in cioss section the cells of the muscularis 
of certain of the vessels suggest the myoid cells of the glomus The 
intervening areolar tissue is somewhat edematous and contains a fine 
fibrillar deposit Not all of the vasculai lobules show the capillar} 
structure Some seem entirely made up of thick wall aiteiioles, and 
the lesion resembles more a varix 

As in previous examples of bone formation, the first event seems to be 
extensive progiessive hyalinization of the capillary wall This proceeds 
until the layer of hyaline material exceeds the diametei of the vessel in 

20 Dr Howaid Permar ga\e us permission to use this case 
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thickness oi CA^en until obliteration of the capillaiy has occuiied (fig 2) 
The entile capillaiy bed may disappear, and the residual picture may be 
that of a cavernous angioma surrounded by thick hyaline material It is 
m these hyaline areas that calcification and poor ossification occur 
The neoplastic piocess in its malignant phase (fig 3) derelops in the 
individual hyalimzed or calcified or ossified vascular lobules as a malig- 
nant multicentiic tumor' We cannot be certain of the exact cells of 
origin, 1 e , whether muscle or connective tissue, but they are clearl}'^ 
not cells of the A'^ascular endothelium We believe them to be connective 
tissue cells The structure of the tumor depends largely on the character 



Fig 2 — Later stage showing perivasculai hj'alinization and paitial occlusion of 
vessels Perivascular tumor cells are present 


of the process m the vascular lobule at the time the malignant phase 
begins In the presence of extreme hyalinization the appearance sug- 
gests that of an osteoid osteosarcoma With marked calcification or 
ossification tire resemblance is to osteogenic sarcoma (fig 4), although 
nowhere is there clearcut evidence that malignant tumor cells are form- 
ing bone, they rather occupy interstices between hyaline bundles and 
calcified matiix, which they invade and in which they develop The 
resemblance to bone sarcoma is intensified by the presence of numerous 
tumor giant cells together with giant cells of the epulis type both in the 
hyaline and in the calcified areas 
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Heie the malignant tumoi is something whicli has been added to an 
oiiginally benign angioma which underwent degeneiative changes so 
alteiing the circulation that calcification and ossification occurred The 
malignant tumoi developed m multiple lobules undei an unknown stimu- 
lus Our study has clarified conditions lesponsible foi the histologic 
chaiactei of the malignant tumor but not its etiologic natuie No source 
of calcium suichaige is knonn, the tumoi was in close proximity to the 
tibia, which may have been injuied in early operations 

This 1 elation of -sascularity to calcification is seen in anothei inteiest- 
mg tumoi in the Memoiial Hospital collection The tumor is a uteiine 
angiom3oma vhose oiiginal structuie probably corresponded to that 



Fig 5 — Areas of telangiectatic caveinoiis \essels found between mjomatous 
bundles, calcification, now showing signs of lesorption, in the interstices, cells 
resembling bone cells in the calcific material 


described by Pusch as “lamifying angiomyoma of the uteius ” In this 
tumor the myomatous elements are arranged about cavernous blood 
vessels which in some areas constitute essentially a cavernous angioma 
surrounded by a connective tissue sheath inside and a myomatous sheath 
outside The major vessels outside the tumor aie greatly thickened 
Bone IS not laid down wheie the vessels aie thick walled, scleiotic and 
hyahmzed, but lather it seems to appear wheie they are thin walled 
and aneui3^smal and where the pictuie suggests stasis (fig 5 ) There 
is no eAudence that the muscle cell is concerned The calcification 
occurs m the connective tissue, and the connective tissue cell becomes 


21 Pusch, L C Am J Obst & G>nec 24 907, 1932 
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incoipoialed as a bone cell No cells lesemblmg osteoblasts are seen 
In some aieas, aftei bone foimation has occuned there is evidence of 
vascular occlusion with infaiction, death of bone and i eaccumulation of 
lime salts m the hyalimzed connective tissue 

Although the benign tumor was cleai ly a pei ivasculai utei me myoma, 
the malignant tumoi which developed in the areas of calcification and 
ossification appeals to be a connective tissue tumoi We first accepted 
the specimen as one of osseous metaplasia of m)^omatous tissue or osseous 
metaplasia in a myosaicoma but aftei much study were forced to 
abandon that concept The malignant change begins m the connective 
tissue 111 multiple aieas It can be followed in sepaiate pei ivasculai 



Fig 6 — Actively malignant aiea of the same tumor showing a structmc 
indistinguishable from osteogenic sarcoma 


units still ounded by muscle, tvhich latei it invades Thus the tumoi is 
a connective tissue sarcoma invading prefoimed membiane bone and 
calcified and noncalcified hyaline tissue and its lesemblance to osteo- 
saicoma is a consequence of this fact (fig 6 ) As usual the similaiit} 
IS intensified by the mingling of epulis-like giant cells with true tumoi 
giant cells and the occuiience of masses of hyaline tissue lesemblmg 
osteoid hyalin, which material, howevei, we inteipiet as originally the 
result of degenerative perivascular hyalinization lathei than as a new' 
pioduct formed undei the influence of the malignant tumor cell In fact, 
the appearance of the tumoi cells suggests cells too active in the direction 
of growth to be concerned *in the laying down of collagen The reason 
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foi the development of a malignant connective tissue, pseudo-osteogenic 
sarcoma m an angiomyomatous uteius is unknown The conditions 
believed responsible for the osteogenesis aie traced in part, but these 
naturally aftoid no basis foi undei standing the development of the 
sarcoma itself 

Barrmgei and Woodaid““ lecently described a peculiar piostatic 
tumor m the Memoiial Hospital series The lesion presented the com- 
bined featuies of typical prostatic cancer and a calcifying chondromatous 
tumor surrounded by what at first appeared to be spindle cell sarcoma 
Natuially the lattei boie certain resemblances to periosteal sarcoma The 
blood seiuni of this patient yielded three to four times the normal level 
of alkaline phosphatase, although the patient shov ed neithei clinical nor 
loentgenographic evidence of bone metastases from piostatic cancer 
The acid phosphatase showed no mciease, and it was therefore 
suggested that the picture m the prostatic tumor — the calcif3nng chon- 
dromatous poition — was due to some alteration in tlie piostatic phos- 
phatase to a t3^pe capable of inducing calcification However, we do 
not know of the relation of phosphatase to the development of cartilage, 
and although an alteied phosphatase ma3'^ be invoked to explain calcifi- 
cation, it scarce^ explains the pieliminar3’- development of cartilage 

The sections are mteiesting The cancer itself is not unusual It is a 
lather malignant-looking adenocaicinoma, solid and alveolar The cells 
contain rather more lipoid material than do those of the average piostatic 
cancer In the midst of the obvious carcinoma is a large mass of amor- 
phous calcific material and about the latter is a zone of fairly normal- 
appealing cartilage The caitilage itself is in tuin suiiounded b3'^ a 
thick zone of dense fibrous tissue, in places almost acellular, in others 
containing shrunken nuclei like those of quiescent connective tissue 
cells, and in still others, large malignant tumor cells The temptation 
IS to regal d the lesion as a metaplastic osteogenic saicoma, and this 
indeed was oui first inteipretation 

However, the calcification is occuning m areas wheie theie aie no 
cells which aie possibly interpieted as of epithelial oiigin The cartilage 
seems to develop following the appearance of a mucoid edematous state 
in the dense connective tissue, although we have not been able to assure 
ourselves that the transition between connective tissue cells and cartilage 
cells is a clear one The cartilage cells do not appear definitely neo- 
plastic, although in some aieas one might be justified in calling them 
chondiomatous Confusion is the result of invasion of pieformed 
caitilage by epithelial tumor cells The latter occur as single elements and 
as nairow strands of three or four cells They show the cohesion of 

22 Barringer, B S , and Woodard, HQ Tr Ain A Genito-Urin Surgeons 
31 363, 1938 
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epithelial cells and the acidophilic cytoplasm of those of the prostatic 
carcinoma Hence the appearance of metaplastic osteogenic sarcoma is 
the result of confusion of two distinct processes We are unable to offer 
any explanation for cartilage m the prostate The alkaline phosphatase 
IS probably referable to the local calcifying lesion, since no sign of 
metastases m bones have as yet appeared, fifteen months after operation 

In another prostatic carcinoma conditions which might well have 
led eventually to the appearance of pseudo-osteogenic sarcoma are 
apparent The principal lesion is typical prostatic cancer However, in 
numerous areas there are peculiar osteoid changes in the stroma and 
in the surrounding bladder muscle and connective tissues These con- 
sist in part of hyalmization of muscle and fibrous tissue and m part in 
extreme perivascular, mainly pei icapillary hyaline deposits In places 
capillaries are totally obliterated, and the residual endothelial cells are 
so reduced through atrophy and disappearance that they resemble isolated 
future bone cells of osteoid trabeculae Calcification is beginning m 
certain of these osteoid trabeculae, and in many areas one finds nothing 
but clusters of cancer cells occupying the inteistices of the latter From a 
picture of this sort it is but a short step to an appearance which could 
be leadily confused with metaplastic osteogenesis of epithelial origin No 
determinations of phosphatase in this tumor are available 

True heterotopic osteogenic sarcoma is found m a large malignant, 
metastasizing tumor apparently primary m the pericardium at the 
base 

The patient was a youth of 19 3 'ears His initial symptom was described as an 
attack of pleurisy six months prior to admission He stated that he had remained 
well thereafter until four days pnoi to admission, when he had a series of 
hemoptyses followed by cough, dyspnea and swelling of the face, neck, right arm 
and right leg Clinical and roentgenographic examinations revealed what was 
thought to be a bulky mediastinal tumor Metastases were demonstrable in the 
soft tissues of the left thigh, and a neurologic consultation furnished evidence of 
cerebral metastases Death occurred two months later 

Autopsy revealed what was interpreted as a primary osteogenic sarcoma of 
the pericardium with metastases to the brain, pancreas, kidney, lungs and soft 
tissues of the left iliac fossa and left thigh Pulmonary edema, pleurisy with 
effusion, thrombosis of the left common and internal jugular veins and massive 
hemopencardium were terminal events 

In our opinion this tumor is not a teratoid osteogenic saicoma but 
one arising as a metaplasia in fibrous tissue It surrounds the cardiac 
base and appears to arise fiom the pericardium At least the latter 
can be traced into the tumor as a thin lamina for a short distance, where- 
upon it becomes lost Other regional anatomic structures are identified 
as distinct from the tumor and viscera, the heart, trachea, esophagus 
and lungs are merel)'- pushed aside Evidence for preexisting inflam- 
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ination of thoiacic scious membranes was found m the presence ot 
numeious old fibioiis pleiual adhesions, which requned sepaiation by 
sharp dissection 

Ihe tumor did not begin, m all probability, as an osteogenic sarcoma 
Ihe active poition is pine fibrosaicoma The bone-forming areas 
suggest paits left behind m the course of active giowth They show the 
structure of osteoid bone dcA eloping m hyalinized connective tissue and 
occasionally well foimed dense bone, vhose architecture nevertheless 
reveals its oiigin m the osteoid tiabeciilae Tumor cells are incorporated 
as bone cells and even tend towaid ^acuolatlon and the formation of what 
lesembles marrow fat Sections stained specifically for fat are not 
available In the osteoid and osseous aieas the blood supply consists 
of thm-'w ailed, widely dilated vessels In the most actively growing 
peiiphei}’’ of the tumoi no such type of ciiculation is seen It is not 
possible honevei, to tell with ceitamtj wliether the cnculatorj’- type 
favoiing stasis precedes, i e, whethei it is a factor m, the osteogenesis, 
or follows the latter, but we behe\e it to be a factoi, for m certain of 
the cellulai non-hone-f orming ai eas the telangiectatic features are found 
developing When tlie pieosscous hyaline mateiial can be definitely 
localized in reteience to the inaikedl}'^ dilated vessel, it is seen to be 
definitely away from it, i e , in the least well nouiished area and separated 
from the vessel b} spindle cell tumoi Completion of the osteoid change 
finds the dilated vessel and osteoid tissue in much closei approximation 
Mucoid-looking edema of the osteoid tissue piecedes true ossification 
Osteogenesis is absent m the metastases, which show the structuie of 
pure spindle cell saicoma Since Ave have no reason to assume different 
cell potencies m the metastases, the assumption that osteogenesis m the 
pi unary tumoi is the result of specific local conditions lathei than of 
specific cell potencies is piobabl^'’ justified 

SUMMARY 

A numbei of tumoi s of soft tissue having an epithelial origin but 
bearing some lesemblance to osteogenic sarcoma are described, and an 
effort is made to discoA'^er moiphologic changes of importance AAdiich 
lead to this resemblance It may be concluded that the most important 
alterations leading to the assumption of the structure of osteogenic 
sarcoma are the laying doAvn of dense hyaline tissue, resulting probably 
m ischemia, and the development of a cavernous telangiectatic type of 
circulation faAmiing stasis and consequent probable anoxemia These 
features fail to explain the structure of cartilage-containing mixed tumors, 
and some other mechanism, as yet undetected, must be ini^oked 



BLOOD PRESSURE IN EXPERIMENTAL NEPHRITIS 
PRODUCED BY INJECTION OF 
NEPHROTOXIC SERUM 

CALVIN F KAY, MD 

BALTIMORE 

In 1933 Masugi ^ demonstrated that when rats were given injections 
of serum fiom rabbits immunized against rat kidney acute glomerulo- 
nephritis resulted Previously nephritis had been produced repeatedly 
with anti-kidney seium by Lmdemann,- Pearce,'* Woltmann^ Wilson 
and Oliver ® and others Masugi, however, in reviving and improving on 
this almost forgotten method, made a much more thorough study He 
was the first to show mcontestabl)- the close clinical and pathologic 
resemblance of this disease to human glomerulonephi itis In a second 
series of experiments, in 1934, he ^ produced a similai form of nephritis 
in rabbits by injections of anti-rabbit-kidney duck serum His work 
has been amply confirmed by many investigators, including Hempiich,** 
Weiss,® Smadel,® Arnott, Kellar and Matthews,^® Ehnch,^*- Koranyi and 
Hamori,^® Tsuji and Ogawa and Sato 

With the development, for the fiist time, of expeiimental nephritis 
closely simulating the human disease, many new avenues of investigation 
weie opened In the course of a study of experimental nephritis pio- 
duced by nephrotoxic serum I have been interested in observing the 
changes in blood pressure that accompany the disease in rabbits 

■''John D Archbold Fellow in Medicine 

From the Medical Clinic, Johns Hopkins University School of Medicine 
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Masugi® cletei mined the S3^stohc blood piessuie in his second series 
of experiments, in which rabbits became nephritic when given injec- 
tions of anti -rabbit-kidney duck serum He used the capsule method 
of von Recklinghausen on the denervated eai The blood pressure 
in noimal rabbits ranged fioni 60 to 80 mm of mercuiy Hypertension 
was reported in 5 of 6 animals Maximum rises of 38 and 17 mm 
weie obseived in the 2 labbits with the most intense nephritis In 
3 animals with less maiked nephiitis elevations of fiom 9 to 27 mm 
occurred In 1 rabbit the disease was veiy mild, and no rise of blood 
piessure was obseiA'ed When hypertension occuried, it always pre- 
ceded the onset of albuminuiia In 1 rabbit the pressure returned to 
noimal befoie the appearance of the albumin in the urine and did not 
use subsequent!) The longest duiation of hypertension w'as fifty- 
seven days 

Ai nott Kellai and Matthew's determined s) stolic blood pressure 
in nephritic rabbits by the caiotid loop method of van Leeisum^' 
Certain modifications had been adopted as leported in a pievious papei 
by Arnott and Kellai Thiity animals w'ere studied Charts and 
piotocols are showm for 5 representatne normal animals given injections 
of five dilfeient nephrotoxic serums Hypei tension was invanablj 
observed The degree depended more on the particular lot of seium 
used than on the degiee of histologic change in the kidney In some 
animals the blood pressure lose w'lthin tw'enty-foui hours after the 
injection of nephiotoxic seium, but in otheis the eleiation did not occui 
until ten days had elapsed, thus show'ing an inconstant relation to the 
appeal ance of albumin in the urine Hypertension lasted for fiom 
two weeks to “a peimanent elevation in pressuie ” Fiom normal levels 
of 80 to 100 mm of meicuiy, rises of fiom 20 to 40 mm w'eie leported 

In a second series of experiments 7 rabbits were subjected to renal 
denervation and w'eie latei give serum known to be potent Clinically 
and histologically, the ensuing nephntis was not significantly diflfeient 
from that observed in the previous experiments, but elevation of blood 
pressure did not occui In a third group, of 5 animals, renal deneria- 
tion teiminated already established hypertension They concluded that 
their results “strengthen the contention that the hypei tension of acute 
diftuse renal disease depends for its occurrence upon the integrity of 
the renal nerve supply ” 

15 von Recklinghausen, H Arch f exper Path u Pharmakol 55 375, 1906 

16 Arnott, W M , Kellar, R J , and Matthew, G D Edinburgli M J 44 
205, 1937 Arnott and others 

17 van Leersum, E C Arch f d ges Physiol 142 377, 1911 

18 Arnott, W M , and Kellar R J J Path & Pact 42 141 1936 
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A somewhat similar study has been lepoited by Hamori and 
Koranyi/® who came to opposite conclusions Blood piessure was 
determined by use of an eai capsule as described by Grant and Roth- 
schild In the first experiments they made readings on 3 nephritic 
animals In the control period the average pressure langed from 45 
to 60 mm of mercury There was a rise of from 7 to 10 mm during 
the incubation period, between the injection of serum and the appearance 
of albumin m the urine In 2 rabbits a drop toward normal was fol- 
lowed b)'- a secondaiy rise of 15 and 40 mm of mercuiy, respective!), 
following the onset of the nephritis In the third animal no secondary 
rise occurred, although the nephritis was seveie 

In a second series of expeiiments 4 animals were studied Two 
weie subjected to bilateral and a third to unilateral renal denervation 
before nephrotoxic serum ivas given The dosage was not uniform 
The changes in blood pressuie were essentially the same as m those 
animals in which the renal nerve supply had been left intact They 
concluded that hypertension is essentially independent of renal innerva- 
tion, although the levels attained may be somewhat lowei when the renal 
nerve supply has been destioyed 

Smadel and Fan induced nephiitis in rats by the injection of anti- 
rat-kidney rabbit serum An ear capsule as described by Moberg -- 
was used in determining the blood piessure Hypertension was found 
to develop m 2 animals in the eighth month of chronic progressive 
nephritis Fiom a normal range of from 50 to 60 mm of merciu), 
pressures m these animals lose to approximately 100 No elevation 
of blood pressure was found to occui in the acute phase of the disease 

METHODS 

Detci imitation of Blood Pi cssut e — A capsule similar to that described by Grant 
and Rothschild -o was prepared Condom rubber was used, loosely applied, in place 
of the gold beater’s skin originally recommended 

Satisfactory readings could not be obtained when the central aitery of the ear 
was constricted In order to obtain constant vasodilatation the rabbit was placed 
on a warm electric pad covered with several lav'^eis of muslin It was held by a 
towel which was applied firmly but not tightly In this position the rabbit was 
usually quiet and comfortable, and the arteries became fully dilated 

The capsule was then applied to the ear Elev^ation of pressure within the 
capsule repelled the flexible membrane, compressing the central artery of the ear 
until it could no longer be seen to pulsate The pressure was then allowed to fall 

19 (a) Hamori, A , and Koranyi, A Ztschr f klin Med 133 722, 1938 
(b) Koranyi and Hamori 

20 Grant, R T, and Rothschild, P J Phvsiol 81 265 1934 

21 Smadel, J E , and Farr, L E J Exper Med 65 527, 1937 

22 kloberg, W Skandinav Arch f d ges Phvsiol 69 218, 1934 
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graduall}’^ When a distinctly \isible pulsation abiuptly reappeared, the pressure 
measured m millimeters of mercury constituted a leading An interval of three 
to five minutes was then allowed to elapse, after which the capsule was reapplied 
to the ear and another reading obtained The average of three or more consecutive 
leadings varying less than 3 mm of mercury constituted one mcasuiemcnt 
Measurements were made at intervals of twenty-four hours or longer on each rabbit 

The foiegomg method of determining blood piessure nas adopted 
foi seveial leasons In principle it is the same as the method employed 
by Landis, Montgomeiy and Sparkman and by Pickering and Prinz- 
metal Landis and associates,"^ employing a graphic method, found 
that an ear capsule gave systolic blood pressure leadings that were 
almost identical with those simultaneousl}'^ obtained in the opposite ear 
b)^ the method of Hamilton Biewer and Brotman,-® both in the normal 
rabbit and m those that weie made hypei tensive by abdominal con- 
striction, asphyxia oi an injection of epinephrine The systolic piessure 
in the cential arteiy of the ear was found to be 12 to 23 mm of mercury 
lower than that in the femoral artery Pickering and Prinzmetal,"'* as 
well as Landis and associates,"^ found the ear capsule method adequate 
to detect rises in pressure caused by injection of pressor extracts 
obtained fioin the kidnej^ 

Figure 1 shows the i espouse of the systolic blood piessuie to mtia- 
\enous injections of a renal pressoi extiact, prepared by a method similai 
to that of Landis and associates, as levealed by the blood pressuie 
method employed m this investigation 

Constant dilatation of the central arteiy of the eai is essential foi 
consistent measurements of blood piessuie In my hands the requisite 
dilatation has been obtained best by warming the animal A quiet, dark 
enviionment, lecommended by Koranyi and Hamoii,*" when used 
alone was not found to be adequate In the few animals in which sym- 
pathetic denervation of the eais w'as perfoimed, as lecommended by 
some,"® continuous full dilatation of the central aiteiy w'^as not obtained 
A w'^atei -warmed box for heating the rabbits w^as discaided foi an 
electric heating pad because the use of the latter was simpler, and the 
animals less fiequently became lestless and uncomfoi table 

The van Leersum method in my hands did not give consistent 
lesults from day to day Moreovei, the method is open to criticism, foi 

23 Landis, E M , Montgomen, H, and Spaikman, D J Clin Investigation 
17 189, 1938 

24 Pickering, G W, and Prinzmetal, M CIm Sc 3 211, 1938 

25 Hamilton, W F , Brewer, G , and Brotman, I Am J Physiol 107 427, 
1934 

26 Masugi ® Hamori and Koranjn 

27 Grant, R T Clm Sc 2 1, 1935 
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it IS well known that occlusion of the caiotid aitery may bring about 
a rise in systemic blood pressuie through the activit}^ of the carotid 
sinus mechanism 

Pi oduchon of Nephutis m the Rabbits — Nephrotoxic duck serum was prepared 
by a modification of the method of Masugi ® Ducks were immunized bj repeated 
intrapentoneal injections of a saline suspension of perfused, crushed rabbit kidney 
Streptococcus toxin was given concomitantly to most of the ducks as a non- 
specific antigen Details of these procedures will be described elsewhere 

Nephrotoxic duck seium was injected intravenously into 19 rabbits In each 
animal after an incubation period of from five to ten days there was an abrupt 
onset of clinical nephritis — manifested by the presence in the urine of large amounts 
of albumin, many casts and fairly large numbers of leukocytes and red blood cells 
Specimens of mine obtained a daj' or tw'o immediately after injection frequently 



Fig 1 — Systolic blood pressuie response to 5 cc of kidney extiact (prepared 
by a modification of the method described by Landis and associates 2 ®) as indicated 
by the method of determining blood pressure used in this studi 


contained small amounts of albumin, but this ahvays disappeared before the onset 
of true nephritis 

The clinical and pathologic chaiacteiistics of the nephritis in an} 
particular animal depended on the potency and dose of the serum which 
had been injected In mild nephritis (occurimg m 11 of the 19 rabbits) 
the health of the animal seemed geneially unimpaired, and the blood 
nonprotein nitiogen did not use above the normal range of from 25 to 
50 mg per bundled cubic centimeteis The urinary abnormalities 
gradually subsided to disappear entiiely (except perhaps foi a trace 


28 Verney, E B , and Vogt, M Quart J Exper Phvsiol 28 253, 1938 
Grant 
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ot albumin in concentrated specimens of uiine) in fiom fifty to one 
hundred days The active peiiod was considered to last from the onset 
of nephritis until the uime contained less than 250 mg of albumin per 
bundled cubic centimeteis Thereafter the animal was in the recovery 
period 

A use in blood nonpi olein nitrogen (at least two deteiminations of 
60 mg or more pei bundled cubic centimeteis) was used as the criterion 
to differentiate severe nephritis (occurring in 8 of the 19 labbits) from 
mild nephritis Many of the rabbits with seveie nephritis appeared 
ill, ate poorly and lost weight One of the animals died in uremia 
sixteen da}s aftei the injection of the nephrotoxic serum The uiinarj' 
abnoi mahties weie quahtalivel) the same in seveie as in mild nephritis, 
but they were more marked m degiee and longei in duiation m the 
7 animals which suivned 

The nephritis which followed the fiist injection of nephrotoxic seium 
has been designated priman nephritis In 8 rabbits in which all clinical 
eMdences of the primarj’^ nephiitis had disappeared (except in some 
instances a tiace of albumin in the urine) nephritis was i eprecipitated 
b} again injecting nephrotoxic seium In each instance, before the 
second injection of nephiotoxic seium the animal was desensitized by 
giving eight intravenous injections of noimal duck seium in inci easing 
doses, stalling with 0 001 cc , dining a two day peiiod This desensi- 
tization was necessaiy to avoid anaphylaxis The repi ecipitated nephritis 
differed little fiom the pi unary disease In 3 of the 8 animals it w^as 
of the mild type Severe nephritis developed in the othei 5 animals, 

3 of which died in uremia ten to nineteen days aftei the injection of 
nephrotoxin 

The clinical chaiacteiislics of the piimaiy and the repi ecipitated 
seveie nephritis are illustrated in the case of rabbit 117 

This normal 1,900 Gm rabbit received normal duck serum in doses of 0 018 cc 
and 0 18 cc , respectively, on consecutive days in dnided doses The following- 
day 1 0 cc of nephrotoxic duck serum, lot X, was injected Albumin first appeared 
m the urine on the seventh day and became massive the following day The urinary 
sediment contained many hyaline casts and leukocytes and a few white cell casts, 
red cell casts and red blood cells Nonprotein nitrogen rose from a control level 
of 37 mg to 110 mg per hundred cubic centimeters on the eleventh day and 
remained elevated for about four weeks Albumin continued to be abundant in the 
urine for about two more weeks, but the casts and cells diminished in numbers 
Thereafter urinary abnormalities gradually diminished and by the hunaredth day 
the only remaining clinical evidence of the nephritis was a faint trace of albumin 
in concentrated urine specimens 

29 Although desensitiration was actually necessary onlj'- in animals which had 
previously received injections, the administration of nephrotoxin was almost always 
preceded by a standard two day desensitization period so that the dosages in original 
and reinjection nephritis would be strictly comparable 



KAY— BLOOD PRESSURE IN EXPERIMENTAL NEPHRITIS 63 


The animal uas then desensitized and given 1 0 cc ot nephrotoxin, lot X, exactly 
as before No signs of anaphylaxis were observed The ensuing nephritis was 
severe and characteristic of the reprecipitated disease It differed little from the 
primary nephritis m the same animal The incubation period was shortei, and 
the rise in nonprotein nitrogen was not quite as great Urinary abnormalities 
and the course of the disease were essentially the same as had previously been 
observed Blood pressure measurements in this animal are illustrated in figure 2 

Seven labbits which had recoveied from an attack of piimaiy 
nephritis weie desensitized in the usual manner and given injections of 
normal duck serum Nephritis developed m 3 of these animals One 
(rabbit 128) showed mild nephritis and was killed sixteen days after 
injection One (labbit 82) died in uremia at the end of thiit 3 ''-six days 




Fig 2 — Systolic blood pressure in millimeters of mercuiy in 3 rabbits through 
four courses of nephritis Each measurement is represented by a symbol (circle, 
triangle or square) and was derived from several readings The abbreviations are 
as follows R, rabbit, RE-NTX, reprecipitated nephritis, from injection of nephro- 
toxic duck serum, RE-NDS, reprecipitated nephritis, from injection of normal duck 
serum, SEV , severe 

One (rabbit 22) was killed two bundled and twenty-nine days aftei 
receiving the injection, while the clinical nephritis was still m the active 
stage The urinarj'- findings for these animals were essentially the same 
for the other nephiitic animals Red blood cells and red cell casts weie 
not moie numerous The pathologic process seemed to be the same, 
although the histologic apjieaiance of the kidneys was altered by the 
duration of the disease In rabbit 22 the nonprotein nitrogen was 
consistently greater than 100 mg per hundred cubic centimeters for 
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* Each measurement was denved from several readings (see text) 

+ In this rabbit nephritis was reprecipitatcd by an injection of normal duck scrum 
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o\er two hundred days, and the urine continued to show large amounts 
of albumin until death Definite hypertension was present in rabbit 82 
and in rabbit 22 (fig 2) 

RESULTS 

To determine the tiend of blood pressure in the nephritic rabbits 
It was first necessary to ascertain the degree of variation in blood 
pressuie from measurement to measurement in the normal animal To 
obtain this information, the average of the blood pressure measurements 
foi each animal in the control period was determined The standard 
deviation of the individual blood pressure measurements from the 
lespective averages of such measurements was then computed The 

Tablf 2 — Differences m Mean Sysiohc Blood Pressures from the Control Period 
to the Per tod of Active Nephritis 


Primary Nephritis 
« 


Babbit 

Severity of 
Nephritis 

Chanec, 
Mm Hg 

121 

Mild 

—2 5 

95 

Mild 

-12 

230 

Mild 

—05 

92 

Mild 

+10 

90 

Mild 

+18 

93 

Mild 

+21 

123 

Mild 

+3 0 

91 

Mild 

+5 5 

84 

Mild 

+71 

140 

Mild 

+9 3 

82 

Severe 

+0 3 

26 

Severe 

+0 7 

122 

Severe 

+3 8 

117 

Severe 

+8 3 

128 

Severe 

+9 0 

33 

Severe 

+9 5 


Reprecipitated Nephritis 


Rabbit 

Severity of 
Nephritis 

Change, 
Mm Hg 

92 

Mild 

-02 

128* 

Mild 

+0 5 

121 

Mild 

+10 

91 

Mild 

+6 5 

21 

Severe 

+12 

17 

Severe 

+4 5 

117 

Severe 

+4 8 

34 

Severe 

+8 8 

22* 

Severe 

+8 8 

122 

Severe 

+112 

82* 

Severe 

+12 8 


* In this rabbit nephritis was reprecipitated by an Injection of normal duck serum 


lesultmg figure indicated not only the actual variations in blood pressure 
from day to day m the animals but also the degree of accuracy of the 
method used to determine the blood pressure It was found that the 
standard deviation of measurements from the mean was 1 97 mm of 
mercury in the control period Thus significance could probably be 
attached to any measurement figure varying more than 3 94 mm of 
mercury from the mean of the control period 

By a similai process of computation it was found that the variation 
from the mean was slightly increased (2 72 mm ) in the incubation 
period and further increased (3 30 mm ) in the active period and that 
m the recoveiy period the variability of measurements decreased to 

30 The statistical analysis was prepared under the direction of Dr E L Crosby 
Jr , of the statistical departments of the Johns Hopkins Universitj and Hospital 
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1 64 mm These figures indicate that the blood pressuie was more 
labile m the incubation and active periods of the nephiitis than in the 
control period 

The aveiage of the measuiements for each animal in each period 
IS shown in table 1 

It IS evident from these figtties that no significant use in blood 
pressure occurred during the incubation period of the disease and that 
in most instances the figures for the recovery period closel}’- approxi- 
mated those foi the control period The differences in avciage blood 
piessuies in the contiol period from tliose of the active period are 
shown in table 2 

It is apparent that in many animals the level of blood piessuie was 
not significantly higher in the active than in the control period Slight 
elevations weie more frequently present in the severely nephutic rabbits 
than in those in which the disease was mild The general trend was 
about the same m primar}^ nephritis as in nephritis reprecipitated by 
nephrotoxic duck seium An elevation in blood pressuie was most 
clearly apparent in rabbits 22 and 82, in which the nephritis ^^as repie- 
cipitated by an injection of normal duck serum From a detailed sta- 
tistical analysis it is possible to state that the small rise in blood pressure 
observed in some of these animals could not have occurred as a result 
of chance alone 

SUMMARY 

Experimental nephritis has been pioduced in rabbits b) injecting 
anti-rabbit-kidney duck serum Blood pressure was detei mined in 19 
labbits thiough thirty couises of nephritis Blood pressuie was more 
labile during the active period of nephiitis than in the control period 
No significant elevation m blood pressure occurred between the time of 
injection of the nephrotoxic serum and the appearance of the clinical 
nephritis A small rise m blood pressuie occurred duiing the active 
period of the nephritis in some of the animals, but this was not an 
invariable manifestation of the disease These slight ele^atIons of 
blood pressure were more fiequently obseived in severely nephiitic 
animals than in those in which the disease was mild 

Changes in blood pressure were essentially the same in the piimaiy 
attack of nephritis as in the nephritis subsequently induced b) injection 
of nephrotoxic duck serum 

A moderate elevation m blood pressure was most cleail} appaient 
m 2 rabbits in which severe nephritis was i eprecipitated by injection of 
normal duck serum It persisted more than two hundred days in 1, 
a rabbit in which the nephritis had become chronic 



PATHOLOGIC AND HISTOLOGIC CHANGES FOLLOWING 
ORAL ADMINISTRATION OF SULFAPYRIDINE 

WITH A SHORT NOTE ON SODIUM SULFAPYRIDINE 
WILLIAM ANTOPOL, MD 

NEWARK, N J 
AND 

HARRY ROBINSON 

R4HWAY, N J 

Recently we reported the occurrence of urmaiy concretions in the 
rat, rabbit and monkey, consisting mainly of acetyl sulfapyridine, follow- 
ing oral administration of sulfap 3 'ridine (2-[paraammobenzenesulfon- 
amido] -pyridine) ^ Similar findings were reported by Gross, Cooper 
and Lewis ^ in experimental studies on rats Previous to the foregoing 
reports, Oakley ® in a short note on poisoning in mice due to “prontosil” 
(form not specified) reported the presence of “prontosil” crystals in 
the urinary bladder and gallbladder as well as concretions m the straight 
and convoluted tubules Stewart, Rourke and Allen ^ observed the 
appearance of sulfanilamide crystals in the urine of patients and sug- 
gested the possibility of stone formation in the urinary tract Laurence ® 
was the first to report a case in which a patient experienced sharp pain 
in the lower right quadrant of the abdomen followed by gross hematuria, 
after administration of sulfapyridine and attributed this to the acetylated 
derivative One of us (W A ) has observed 2 similar cases m which 
the findings were highly, but not conclusively, suggestive of urolith 
effects The presence of crystals in the urine of patients receiving 
sulfapyridine has already been reported by Stokinger ® 

From the Laboratories of the Newark Beth Israel Hospital and the Merck 
Institute of Therapeutic Research 

1 Antopol, W , and Robinson, H Proc Soc Exper Biol & Med 40 428, 
1939 Mohtor, H , and Robinson, H Ai ch internat de pharmacodyn et de therap 
62 281, 1939 

2 Gross, P , Cooper, F B , and Lewis, M Proc Soc Exper Biol & Aled 
40 448, 1939 

3 Oakley, C L Biochem J 31 729, 1937 

4 Stewart, J M , Rourke, G M , and Allen, J C JAMA 110 1885, 

1938 

5 Laurence, E A , in International Review of Recent Advances in Medicine, 
Washington, D C , Washington Institute of Medicine, 1939, vol 5, p 48 

6 Stokinger, H E Proc Soc Exper Biol & Med 40 61, 1939 
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In this papei we wish to present a leport of pathologic and histologic 
changes following oial administiation of sulfapyridine A shoit descrip- 
tion of the effects of sodium sulfapyridine is also included 

The animals used m these experiments were maintained on a 
balanced diet with sufficient watei Certain details of the experimental 
technic used in this investigation have been leported by Molitor and 
Robinson ' m a study conceining the toxicity of sulfanilamide 

EXPERIMENTAL RESULTS 

Concretions were observed after the administiation of a large single 
dose of sulfapyridine, but the results weie more striking after repeated 
dosing on successive days The dosage at which uroliths were foimed 
vaiied gieatl}^ in different species but to a much lesser degree in indi- 
viduals of the same species Thus, after sulfapyridine had been admin- 
isteied orally, concretions were frequently found in rabbits given 10 to 
15 Gm pel kilogiam, in rats given 5 Cm per kilogram and in monkeys 
fed 0 25 Gm per kilogram When smaller doses weie given, the indi- 
vidual vaiiation m a given species was increased In mice and dogs 
uiolith foimation was not obseived even aftei the feeding of doses as 
laige as 20 Gm per kilogram It is inteiesting to note that the latter 
species acetylate the compound veiy little 

In the couise of this investigation approximately 400 mice, 320 
rats, 42 labbits, 16 dogs and 48 monke3's weie used 

PATHOLOGIC OBSERVATIONS 

With the dosage necessary for each species, the pathologic results 
were essentially alike in the rat, rabbit and monkey, and therefore a 
single description will suffice for all of these species 

The urolith formation was often unilateral, occuriing more fre- 
quentl)'' on the right side If the animal was put to death approximately 
twenty-foui houis after the administration of the diug, aggregates of 
these crystals weie often found m the ureter, especially at the level of 
the bony pelvic brim After five to ten days of feeding the concretions 
were fiequently found near the ureterovesical junction (fig 1) or at 
times in the bladder The calculi weie soft and very friable, breaking 
up into minute fiagments on slight pressuie Most of the concretions 
were ii regularly ovoid but at times iveie elongated and formed a cast 
of the ureter In animals killed during the early part of the feeding 
period the ureter was dilated and thinned out Later it was indurated 
and in some instances markedly hemorrhagic The kidney became 
edematous and enlaiged to one and a half to two and a half times its 

7 Mohtor, H, and Robinson, H J Pharmacol & Exper Therap 65 405, 

1939 
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normal size (fig 1) At this time the kidney and ureters were found 
to be intimately bound with the periureteral tissues Bloody urine 
was found within the dilated portion of the renal pelvis and ureter In 
some instances an amorphous aggregate of crystals and fibrin completely 
filled the renal pelvis and extended upward into the papillary ducts of 
the kidney (fig 2) but did not extend downward beyond the uretero- 
pelvic junction In these circumstances the ureter appealed normal 



Fig 1 — Urinary system from a monkey which received 14 Gm of sulfapyridine 
per kilogram for five days and died on the fifth day The blood urea nitrogen was 
82 mg per hundred cubic centimeters Calculi were found at the ureterovesical 
junction, with hydroureter, hydronephrosis and edematous enlargement of the kid- 
ney Compare this with the normal kidney and ureter at the left 

The bladder was often edematous, especially in the region of the 
trigone The ureterovesical orifices were prominent because of the 
lipping and congestion of the surrounding tissue 
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Urea nitrogen was determined by the method of Van Slyke on the 
blood of the monkeys All showed increased retention, ranging from a 
slightly elevated level to 100 mg in 100 cc of blood 

HISTOLOGIC OBSERVATIONS 

Kidney (Rhesus Monkey) — ^The kidney revealed degeneration vary- 
ing from mild to most severe, especially m the proximal convoluted 
tubules With larger doses, the pioximal and distal convoluted tubules 
could not be differentiated from each other The cytoplasm of the cells 
foiming these tubules was coarsely granular and occasionally vaculo- 
lated Hyaline droplet degeneration was rare The lumens of the 



Fig 2 — ^Kidney of a monkey receiving 5 Gm of sulfapyndme per kilogram for 
SIX days The blood urea nitrogen was 80 mg per hundred cubic centimeters 
Amorphous aggregates of crystals and fibrin completelj'- fill the renal pelvis and 
extend into the papillary ducts 


tubules contained globoid eosinophilic bodies The loops of'Henle were 
markedly distended and contained, in addition to a few globular elements 
similar to those found in the convoluted tubule, a coagulum which was 
eosinophilic with hematoxylin and eosin and blue with azocarmine In 
some instances the cells lining the parietal layers of Bowman’s capsule 
were covered by cytoplasm in a cuboid fonn, in which a nucleus was 
rarely observed , when one was present, the cell closely resembled a cell 
of the proximal convoluted tubules (fig 3 A) These cells stained 
red with azocarmine, and transitions between these and the globular red- 
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staining bodies found in Bowman’s space were noted Apparently these 
are identical with the globoid bodies described in the tubular lumens 
With azocarmine the glomeruli showed marked thickening of the base- 
ment membrane of the glomerular tuft (fig ZB) When doses of 
sulfapyndine insufficient to produce concretions were administered, the 
aforementioned degenerative changes were also found, though usually 
not as pronounced Following excessive dosage, the glomeruli were 
markedly distended and contained, in addition to the cell debris, a 
coagulum similar to that found in the loops of Henle The correspond- 
ing glomerular tufts were compressed, and the capillaries were collapsed 
and bloodless (fig 3 C) 



Fig 3 — A, parietal layer of Bowman’s capsule covered by cytoplasm in cuboid 
form, apparently in continuity with the epithelium of the proximal convoluted 
tubule , X 90 B, azocarmine stain showing thickened basement membrane of the 
glomerular tuft , X 250 Note globoid eosinophilic bodies in Bowman’s space 
C, distended glomerular spaces with compression of glomerular tuft , X 90 D, fibrin 
scaffolding m papillary ducts showing spaces from which crystals were dissolved 
out in preparation of section , X 90 

The collecting tubules showed only slight to moderate distention The 
lumens of the papillary ducts were filled with coagulum, and only a 
few contained an appreciable number of the globoid bodies described 
Other collecting tubules and papillary ducts contained coagulum and 
fibrin with clefts corresponding to spaces in which cr 3 ''stals had been 
present (fig 3D) This was most frequently observed when the renal 
pelvis uas filled with the crystals and fibrin Many of the tubules con- 
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tamed and weie sunounded by a mantle of polymorphonuclear leuko- 
cytes, and rarely a foieign body type of giant cell was found between 
the tubules 

Pyelonephritis and puiulent peiiureteiitis and peripyehtis were also 
obseived 

If the animals were fed over a long period or had been pei nutted 
to survive for long periods aftei ample dosage, calcium casts were 
found m the tubules (fig A A) 

In the cases m which calculi were present within the uieter, the 
uretei and the renal pelvis showed from slight to extremely pionounced 



Fig 4 — A, calcification of tubules , X 90 B, ureter showing edema, slight 
hemorrhage and a scattering of polymorphonuclear leukocytes , X 90 C, fibrin 
scaffolding m pelvis with clefts which contained crystals , X 90 D, edematous and 
hemorrhagic ureter 

edema of the lamina propria, with a moderate diffuse scattering of 
polymorphonucleai leukocytes (fig AB) In isolated instances a phleg- 
mon was found The epithelium for the most part was intact, but an 
occasional erosion was observed 

In those cases m which the renal pelvis was found to be filled with 
an amorphous collection of fibrin and smaller calculi, the pelvis contained 
fibrinous material with clear clefts, which probably had the same sig- 
nificance as those described in the papillary ducts and collecting tubules 
(fig 4 C) In places the transitional epithelium was absent, and m 
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these locations the fibrin rested directly on the lamina propria The 
blood vessels in these regions showed extreme dilatation 

At times there occurred extremely hemorrhagic ureteritis and pyelitis, 
tar m excess of that which might be expected from the presence of 
the corresponding calculus (fig 4 D) Occasionally thrombi were 
encountered m the veins of the kidney In some instances obliterating 
lesions (fig 5 B) were found within lumens of veins which were not 
in close proximity to any of the inflammatory zones Intrauieteral 
hemorrhage was at times excessive, and m 2 cases the clotted blood 
caused urinaiy obstruction (fig 5 A) 

In some instances, after repeated feeding with doses insufficient to 
produce concretions the kidneys were edematous and revealed the 
glomerular and tubular changes described except that no “crystal casts” 
were found in the tubules Because of this and the fact that, as men- 



Fig S — A, kidneys of a monkey receiving 5 mg of siilfapyridine per kilogram 
for seven days, which was killed twenty-three days after the last feeding The 
blood urea nitrogen was 11 mg per hundred cubic centimeters Note blood clot 
causing obstruction in the renal pelvis B, obliterating endophlebitis , X 130 

tioned earlier, the hemorrhagic reaction may be extreme, the possibility 
must also be entertained that the drug may first produce parenchymal 
damage, and that subsequent to this the acetylated compound is pre- 
cipitated from solution 

There are experimental data suggesting that the obstructing cr 3 "stal- 
hne mass can either be redissolved or washed out In a senes of 5 
monkeys, all of which received 4 Gm of sulfapyridine per kilogram 
for ten days, 4 animals which were killed on the last day of feeding 
shoAved urolithiasis, while in the fifth, which was put to death seventy- 
nine days after the discontinuation of this treatment, no concretions w ere 
found This animal exhibited, as evidence of transient urinary obstruc- 
tion, slight thickening and dilatation of the ureters and pelvis There 
w'ere perirenal, peripelvic and periureteral adhesions, and the renal cap- 
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sule could not be stripped without tearing the renal parenchyma The 
kidney showed scattered extensive collections of round cells, particularly 
in the subcapsulai legion (fig 6 A) Many of the tubules vere filled 
with densely eosinophilic coagulum Most of the glomeruli showed no 
appreciable damage However, in the aieas where the round cell infil- 
tration was present, some were bloodless, others showed marked increase 
of cytoplasm, while otheis were undergoing fibrosis (fig 6B and C) 
Bowman s capsule was occasionally thickened One small vein showed 
recanalization Theie Avas extensive round cell infiltration in the ureter 
and pelvis, and in places the epithelium dipped into the lamina propria 
(fig 6D) 



Fig 6 — Sections of kidney of a monkey receiving 4 Gm of sulfapyridine per 
kilogram for ten days, which was put to death seventy-nine days after the last 
feeding , X 90 No calculi were found A, extensive round cell collections in the 
subcapsular region The capsule could not be stripped without tearing the kidney 
substance Note the dilated tubules filled with eosinophilic coagulum B and C, 
areas showing round cell infiltration Many glomeruli are bloodless, with increase 
in cytoplasm D, subepithelial round cell infiltration in pelvis 

The uroliths ordinarily permit penetration by loentgen lays and 
therefore do not cast a shadow However, calcium may be deposited 
about these concretions, which act as a nucleus, m which case the shell 
may become roentgen ray opaque 

Adfenal — In the rat the adrenal was enlarged, and the cortex 
appeared gray Histologically, the fascicular layer was markedly widened 
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and the cytoplasm m this area was deeply eosinophilic and in many 
instances showed no vacuolation and contained little lipoid In the 
monkey, in the early stage the changes were similar to those in the rat 
but not as pronounced Prolonged feeding did not result in greater 
changes 

There were occasionally calcific areas in the adrenal, but these were 
also encountered in the normal controls 

Ltver — At times, especially in the monkey, the liver showed separa- 
tion of the capillaries from the liver cord cells, with granular material 
in the intervening spaces — similar to the “serous hepatitis” of Rossle- 
Eppinger With Best’s carmine stain, the liver cells were diffusely 
filled with glycogen 

Other Organs — ^The stomach often showed marked congestion with 
an increase in mucous secretion The heart did not show any significant 
changes The cells lining the acini of the thyroid were cuboid The 
colloid, especially near the cell periphery, was pale staining, suggesting 
mild hyperplasia The bone marrow showed an increase in polymorpho- 
nuclear leukocytes The response of the marrow will be reported later in 
collaboration with L Goldman and W Sampson The spleen showed 
considerable deposition of iron, especially marked in the perifollicular 
zone Erythrophagocytosis was not uncommon in the pulp The pulp 
usually showed marked congestion Lymphoid hyperplasia was vari- 
able The lymph nodes were usually hyperplastic and showed marked 
proliferation of the lining cells of the sinuses 

COMMENT 

From the observations described one cannot conclude definitely 
whether the precipitation of the acetylated sulfapyndme in the urine is 
always primary or whether it is dependent on initial degenerative changes 
m the renal parenchyma or on a combination of both Since the degen- 
erative changes are found without urolith formation in some instances, 
one may safely assume that the former changes are not dependent 
on the formation of concentrations The possibility remains that the 
formation of uroliths may at times be initiated by the degenerative renal 
or vascular changes , on the other hand, it may be quite independent of 
these changes 

With the oral administration of sodium sulfapyndme, smaller doses 
were necessary for urolith formation in the rat, rabbit and monkey 
Histologically the degenerative changes in the kidney were more pro- 
nounced than those found in animals fed sulfapyndme In addition the 
mucous secretion of the stomach Avas very striking, and m isolated 
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instances the rabbit showed acute diftuse gastritis When this drug was 
administered rectally, a hemorrhagic leaction with some necrosis of the 
mucosa was fi equently encountered 

SUMMARY 

Urolithiasis occurs aftei the feeding of sulfapyridme to monkeys, 
rabbits and rats The concretions can be either redissolved or washed 
out It cannot be ascertained whether the formation of the urolith is 
always an independent pi ecipitation process or whether it is at times 
dependent on piimaiy degenerative oi vascular changes in the kidne}^ 



PLASTIC STUDIES IN ABNORMAL RENAL 
ARCHITECTURE 

V THE PARENCHYMAL ALTERATIONS IN EXPERIMENTAL 

HYDRONEPHROSIS 

KENNETH C STRONG, MD 

BROOKLYN 

In his classic study of the problem of hydronephrosis Ponfick,’^ 
recognizing the inadequacy of the method of histologic section, sum- 
marized the difficulties that he encountered in the identification of 
structures and in the interpretation of the topographic mteiielations of 
the altered renal parenchyma in the following words 

Denn infolge der tiefgreifenden Umwalzungen, die sich an den Tubulis ver- 
schiedenster Art vollzogen haben, smd deren Eigentumliclikeiten nachgerade 
dermassen verwischt, dass man wohl im Zweifel bleiben kann, ob man contorti 
Oder recti, vielleicht sogar Henlesche Schleifen vor sich babe (For, owing to the 
profound changes which have taken place m the various types of tubuli, their 
characteristics are blurred to such an extent that one may remain in doubt whether 
one has to do with convoluted or with straight tubules or even with Henle’s loops ) 

As has been demonstrated by Oliver and his co-workers,^ the method 
of microdissection particularly favors the elucidation of such problems, 
and on his suggestion the method has been applied to the study of the 
effect of ureteral ligation on the rabbit kidne> In the discussion that 
follows it will become apparent that many of the assumptions that have 
been made concerning histologic pictures in hydronephrosis are without 
support when viewed in the reality of three dimensions 

That the technic of microdissection previously had been applied to 
this problem ® appeared not to contraindicate its further use, as one does 
not find in the extensive subjective interpretations of this worker’s frag- 
mentary presentations the essential v^alue of the method, which is the 
demonstration of actual objects in structural continuity and their topo- 
graphic relations 

This work was done with the support of the Josiah Macy Jr Foundation 

From the Department of Pathology of the Long Island College of Medicine, 
the Hoagland Laboratory 

1 Ponfick, E Beitr z path Anat u z allg Path 49 127, 1910 

2 (a) Oliver,!, and Lund, E M Arch Path 15 755, 1933 (b) Oliver, T, 

and Luey, A S ibid 18 777, 1934, 19 1, 1935 (c) Loomis, D ibid 22 435, 

1936 (d) Oliver, J The Architecture of the Kidney in Chronic Bright’s Dis- 

ease, New York, Paul B Hoeber, Inc, 1939 

3 Johnson, C H J Urol 27 279, 1932 
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MATERIAL AND METHODS 

Rabbits were the animals of choice because of the simplified form of their 
kidneys and because normal labbit kidneys have been studied intensively by the 
method of microdissection by Peter ^ The animals used included both males and 
females and were usually between 6 months and 1 year old Under ether anes- 
thesia their left ureters were ligated and cut about 1 cm below the urcteropelvic 
junction without interference with the renal ^essels Fourteen animals were put 
to death at intervals of from one to two hundred and thirty-one days Six additional 
animals, about 6 months old, were similarly treated and put to death at intervals 
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of from three to six weeks Another animal was excluded from the series because 
a staphylococcic infection of the obstructed kidney was discovered after five weeks, 
but the other hydronephrotic kidneys remained free from infection 

After the kidneys had been weighed and measured and the pelvic fluid removed 
(table), the organs were sectioned longitudinally and then cut transversely, the 
first blocks being taken through the center of the papillary area Blocks were 
fixed in Zenker’s fluid for routine hematoxylin and eosm stains and for iron stains, 
m solution of formaldehyde U S P for fat stains and in Kolster’s fluid for the 
Altmann stain for mitochondria The remainder of the organ was placed m 
solution of formaldehyde until it could be dissected 

4 Peter, K Untersuchungen uber Bau und Entwicklung der Niere, Jena, 
Gustav Fischer, 1927 
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Thin blocks of tissue then were cut through the papills. adjacent to that used 
for the routine microscopic sections These blocks were allowed to stand in con- 
centrated hydrochloric acid at room temperature until softened sufficiently for 
dissection, they were then washed m several changes of water and placed in dis- 
tilled water in a Stender dish The tissue was then dissected under a binocular 
microscope with the aid of needles The nephrons were examined at magnifications 
of 33 and 100 while supported m water and were photographed stereographically 
at a magnification of 8 times From the plates, transparencies were prepared and 
mounted for study in the stereoscope, and from these the final drawings of figures 
10 to 42 were made The location of each specimen photographed, together with 
notes on the topographic relations, were recorded at the time on an outline drawing 
of the block of tissue being examined, and from these data, supplemented by the 
study of histologic sections, the topographic arrangements of figures 43 to 54 were 
prepared For purposes of description the transverse sections of the kidney are 
divided into central, intermediate and lateral areas It will be seen that this 
division IS not arbitrary but is made in accordance with distinctive structural altera- 
tions developing within these three zones 


GROSS STRUCTURAL CHANGES 

In geneial, the macroscopic changes in renal architecture resulting 
fiom ureteral ligation are well known, however, several features of the 
gloss findings merit particular attention 

As early as three days after ligation of the ureter the papilla of the 
rabbit kidney is literally torn apart (fig 1), and shortly thereafter the 
ducts of Bellini are no longer to be found At the site of the papilla 
there develops an irregulai oval depression, and from its margins radiate 
the interrupted collecting tubules (fig 2) With the advance of the 
lesion the depression becomes larger as the tubules are increasingly 
drawn apart by the accumulation of the pelvic fluid With the passage 
of time these interrupted tubules become enclosed by connective tissue 
and covered by epithelium, so that in the twenty-eight day specimen 
the continuity of the pelvic and tubular epithelium has been restored, 
and m the sixty-one day specimen the collecting tubules are found 
separated from the pelvis by connective tissue and the pelvis is lined by 
an unintei rupted sheet of epithelial cells (fig 3) 

The parenchymal weights of obstructed kidneys increase for periods 
up to and including sixty-one days and beyond this interval decrease 
progressively to reach a figuie below the original (table) The rate of 
gam IS variable It is greatest m the first few weeks of obstruction 
This finding corresponds with that of Ponfick^ and, as he desciibed 
seems due to congestion, edema and accumulation of fluid in dilated 
tubules 

In the first few weeks, when the secietory capacit}^ of the paren- 
chyma may reasonably be assumed to be best maintained, the rate of 
accumulation of pelvic fluid is relatively slow and inconstant The fluid 
IS yellowish or only slightly blood tinged, is moderately turbid and 
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Fig 1 (rabbit 20) — Three days obstruction 
Fig 2 (rabbit 8) — Forty-six days’ obstruction 

Fig 3 (rabbit 9) — Ninety days’ obstruction The three figures show normal and 
hydronephrotic kidneys and longitudinal sections of the latter showing (1) the variation in 
volume of the organs, (2) flattening, splitting and tearing of the papilla and (3) newly 
proliferated uninterrupted pelvic epithelium covering the site of the obliterated papilla 
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contains small numbers of desquamated epithelial cells, leukocytes, 
hyaline casts and consideiable albumin Between the fourth and seventh 
week of ureteral occlusion there is a rapid increase in volume of pelvic 
fluid, and it changes in character, becoming frankly bloody 

On sedimentation, one third of the pelvic fluid of the thirty-six day 
specimen is found to consist of packed erythrocytes The forty-six day 
specimen yields the maximum volume of pelvic fluid, and this contains 
a slightly increased pioportion of packed erythrocytes The blood in 
these instances is obviously fresh and becomes correspondingly less so 
in later specimens There is only a slightly decreased volume of pelvic 
fluid in the sixty-one day specimen, but later the fluid gradually decreases 
m volume (table) and becomes thinner and lighter in color, although it 
remains somewhat turbid 

PARENCHYMAL ALTERATIONS 

Gloniefuh — (c) Microscopic Sections Owing to compression of 
the capillary tuft. Bowman’s space is enlarged and frequently contains 
a slight amount of coagulated fluid and rarely an occasional erythro- 
cyte In some examples the tuft (figs 4 to 9) shows clefthke spaces 
between adjacent capillary loops, and throughout the senes the latter 
are relatively bloodless In the forty-six day specimen the parietal layer 
of Bowman’s membrane is slightly thickened, and this change is some- 
what more marked in later stages (fig 9), but connective tissue pro- 
liferation and hyahnization within the tuft are not seen until two 
hundred and thirty-one days of obstruction and then are inconspicuous 
m most glomeruli (fig 9) There is no appreciable increase m the 
external diameter of glomeruli save in certain cystic dilatations of the 
space of Bowman to be described later These occur in the forty-six, 
sixty-one and ninety day specimens, and histologically the glomeiuli 
present no structural peculiarities save their increase in size and the 
thickening of Bowman’s membrane mentioned 

(&) Microdissection Save in rare instances, in later stages the 
volume of the glomeruli is not increased , on the contrary, reduction in 
glomerular volume is evident in twenty-four hours and in general is 
maintained throughout the period of the experiments Although m the 
latest stage a further reduction in volume is apparent, there is nothing 
to suggest the complete disappearance of glomeruli during the two 
hundred and thirty-one day interval of this study 

In the early stages variability in size and shape is greater than 
normal, and although examples of concomitant decrease in size of 
glomeruli and their proximal convoluted tubules aie found, many of 
the atrophied proximal convoluted tubules too minute for dissection 
possess glomeruli as large or even larger than those associated with 
the best preserved proximal convoluted tubules of the same specimen 
(figs 23 and 26) 




Fjg 4 (rabbit 20) — Three clays’ obstruction Dilatation of tubular lumens and flattening 
of epithelial cells in the inner part of the cortex of the central area Magnification, ISO 

Fig 5 (rabbit 14) — Ten days’ obstruction Increasing dilatation of tubular lumens with begin" 
ning distention of collecting tubules and of distal convoluted tubules and variable atrophy of proMms 
convolutions in the inner pait of the cortex of the central area Magnification, ISO 








Fig 6 (rabbit 16) — Twenty-eight days’ obstruction Increased interstitial change and epithelial 
atrophy m the cortex of the central area The dilated tubules are distal convoluted tubules and col- 
lecting tubules Note the repeated cuts across one of the few identifiable proximal convoluted tubules 
just below the uppermost glomerulus Magnification, 150 

Fig 7 (rabbit 17) — Thirty-six days’ obstruction The epithelial atrophy, leukocytic infiltration 
and connective tissue proliferation are more marked in the cortex of the central area Note the 
blood accumulated in tubules known from dissection to be distal convoluted tubules Magnification, 150 
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Fjg 8 (rabbit 17) — Thirty-six days’ obstruction Interstitial fibrosis, leukocytic infiltration an^ 
dilatation of collecting tubules in the outer portion of the medulla of the central area These co 
lecting tubules are narrowed at the corticomedullary boundary Magnification, 150 

Fig 9 (rabbit 11) — Two hundred and thirty-one da 3 '’s’ obstruction The connective tissue between 
the concentrated glomeruli is infiltrated by leukocytes and is practically devoid of identifiable tubular 
remnants The capillary tufts present, for the first time in this series, fibrosis and hyaline change, 
but this IS infrequent and slight Note the cystic collecting tubule of the outer part of the medulla 
Alagnification, ISO 
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In the forty-six and sixt 3 ^-one day specimens and especially m the 
iiinet}'’ day specimen (fig 32) cystic dilatation of Bowman’s space 
IS marked m certain glomeruli Some of these cystic glomeruli lack 
proximal convoluted tubules, but in no case does the cystic dilatation 
extend into the proximal convoluted tubules, which commonly appeal 
as minute twigs opposite the vessel pole 

The “concentration” of glomeruli due to their approximation is 
evident early and is especially appaient in the dissected specimen in 
the later stages, when the cortex is largel}^ composed of glomeruli 
separated only by connective tissue fibrils and minute unidentifiable 
tubulai remnants 

Pioximal Convoluted Tubules — (a) Microscopic Sections From 
the first day of obstiuction maiked change is evident in the proximal 
convoluted tubules (fig 4) The lumens of some are increased m 
caliber, and their epithelial cells are variably flattened against the base- 
ment membranes, other tubules are compiessed, and in some the 
epithelial cells present marked parenchymatous degeneration or considei- 
able vacuolation of their cytoplasm Mitotic figures are not uncommon 
among the epithelial cells of these elements in the three and six day 
specimens but are not seen later At no time is there evidence of bleed- 
ing into the proximal convoluted tubules 

In the ten day specimen there is apparent a topographic distribution 
of the atrophy that will be considered later In somewhat moie advanced 
stages, with progressive atrophy of cortical tubules and increasing pro- 
liferation of connective tissue, theie develops the admitted difficulty 
in the identification of the tubules m microscopic sections However, 
small “groups” of markedly atrophic proximal convoluted tubules are 
easily identifiable aftei four or five weeks (fig 6) 

(^>) Microdissection In the material of this study hypertrophy 
of the pioximal convoluted tubule was not encountered nor was the 
external diameter of this element ever found increased over normal by 
dilatation. A perceptible shortening and a definite reduction in caliber 
are, however, evident in many of the proximal convoluted tubules aftei 
twenty-four hours’ obstruction 

In the three and six day specimens the atiophy is considerably 
increased (figs 11, 18 and 19) and the largest proximal convoluted 
tubule encountered is definitely atrophic and of increased fragility The 
variation in caliber and in refractive qualities is segmental in character 
and 11 regularly placed, and adjacent proximal convoluted tubules com- 
monly vary in size and in the degree of change at any particular level 
The only change found localized within individual tubules with any 
constancy is a lesser decrease in refractive qualities of the initial portion 
of the tubule and increased thinness, delicacy and translucence of the 
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Explanation of Figures 10 to 16 

Fig 10 — Complete nephron and collecting tubules fiom a normal kidnej Mag- 
nification, 20 

Fig 11 (rabbits 20 and 21) — ^Atrophy of the proximal convolutions in the 
central area after three and six days’ obstruction Note the reduction in size of 
the glomeruli Magnification, 20 

Fig 12 (rabbit 7) — Extreme atrophy of glomeruli and proximal convolutions 
in the lateral area after fourteen days’ obstruction Magnification, 20 

Fig 13 (rabbit 15) — Proximal con\olution from the intermediate area after 
twenty-one days’ obstruction Contrast the initial and terminal portions Magnifi- 
cation, 20 

Fig 14 (rabbit 16) — Well preserved proximal convolution from the inter- 
mediate area and the only dissectablc proximals fiom the central area after 
twenty-eight days’ obstruction Note similar glomeruli on both tjpes of nephrons 
Magnification, 20 

Fig 15 (rabbit 20) — Duct of Bellini and lower collecting tubules after three 
days’ obstruction, showing little change Magnification, 20 

Fig 16 — Duct of Bellini and lower collecting tubules from a normal kidney 
Magnification, 20 
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Explanation of Figures 17 to 22 

Fig 17 (rabbit 14) — A stretched collecting tubule to the lateral aiea after ten 
days’ obstruction Magnification, 20 

Fig 18 (rabbit 21) — An atrophic proximal comolution from tlie central portion 
after six days’ obstruction Contrast the length of this tubule with the tubule on 
the right in figure 11, which is from the same zone of the same kidnej Magnifica- 
tion, 20 

Fig 19 (rabbit 21) — A fairly large proximal convolution from the lateral 
area after six days’ obstruction Note the \anabihty from one portion to another 
Magnification, 20 

Fig 20 (rabbit 14) — Dilatation of collecting tubules in the central area after 
ten days’ obstruction Magnification, 20 

Fig 21 (rabbit IS) — Obliteration of distal coniolutions in the central area and 
the formation of budlike structures on the collecting tubule after twenh-one dajs’ 
obstruction Magnification, 20 

Fig 22 (rabbit 15) — Cystic dilatation of the connecting piece after t^\ent^-one 
days’ obstruction Magnification, 20 
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terminal segment (fig 13) In latei stages this fragile, dilated terminal 
segment becomes molded by developing fibiosis, vith the production of 
saccular defoi unties, and persists m some instances foi se\eral weeks 
aftei the remainder of the tubule has lost its identity as a dissectable 
structure (fig 24) 

At ten days a topographic distribution of the atiophy within the 
organ becomes eMdent (figs 45 and 46) At the end of fourteen days 
the atrophy of many of the proximal convoluted tubules is marked 
(fig 12), and in review of specimens, including that of twenty-one days, 
it appears that the rate of atroph} is greatest m the first week x\t twenty- 
eight days dissectable proximal convoluted tubules aie uncommon save 
in one ceitain aiea of the organ (figs 23 and 25), and in the thirty-six 
day and subsequent specimens they aie too atrophic for dissection sa^e 
in this same limited region (figs 28 and 29) In the ninet} , one hundred 
and sixty-three and tvo hundred and thiit}-one day specimens no 
dissectable proximal convoluted tubules are found, although a few 
lelativel} well preserved elements were present in the one hundred and 
fourteen da} specimen (fig 28) 

Loops of Henle — {a) Microscopic Sections In the first weeks 
the loops of Henle commonly present a dilatation of then lumens with 
flattening of the epithelial cells and often contain coagulated fluid 
(figs 4 and 5) Later certain of them are compiessed by the dilatation 
of the collecting tubules between which they he and also by the pro- 
liferating Intel stitial tissue Some are also observed to extend into 
the margin of necrosis lining the fragmented papilla 

(&) Miciodissection The transition of the proximal convoluted 
tubule to the thin segment of Henle’s loop is sharp and distinct and is 
consistently found in all the specimens isolated (figs 11-14 and 23) 
The boundary between the Zwischenstuck (middle piece) and the distal 
convoluted tubule is never as distinct as that betw’-een the proximal con- 
voluted tubule and the thin limb, but the dilatation of the distal 
convoluted tubule to be described later never extends into the loop of 
Henle Although the loop of Henle becomes increasingly thin and 
delicate and correspondingly more difficult to isolate as an intact struc- 
ture, it can be traced with sufficient accuracy to indicate that it retains 
its identity without any extraordinary shortening thiough an interval 
of thirty-five days, after which it is usually impossible to separate the 
structure with any satisfaction from the connective tissue fibrils and 
atrophic tubular remnants When Henle’s loops weie found to be com- 
pressed or even interrupted by pressure of adjacent dilated collecting 
tubules or by encroachment of connective tissue they were not found to 
be dilated proximal to the stenosis oi occlusion Indeed, an increase in 
the external diameter of a loop of Henle was nevei observed at any time 
during the development of the lesion (figs 20, 21, 30 and 31) 
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Distal Convoluted Tuhtdes — {a) Microscopic Sections After 
twenty-four hours’ obstiuction there is considerable dilatation of the 
lumens of the distal convoluted tubules with flattening of the epithelium 
against the basement membranes (figs 4 and 5) Their lumens fre- 
quently contain coagulated fluid, which, however, does not appear as a 
cast capable of obstiucting the lumen In the first weeks there is little 
additional change save that the epithelial atrophy is more marked and 
that an actual inciease in external diameter occurs In the ten and 
twent3’^-one day specimens a few well preserved erythrocytes are present 
m the distal convoluted tubules m the central area of the organ 

After twenty-one days the distal convoluted tubules are not identi- 
fiable by their histologic appearance in sections with the exception of 
those in one particulai region of the kidney These can be recognized, 
in fact, only by reference to the appearances noted in dissected material, 
where after thirty-six days’ obstruction they are found to be enlarged 
and filled with blood (fig 7) Blood is not observed elsewhere m the 
kidney save m the associated collecting tubules In all the later 
specimens blood is found in similar locations, with the red cells pro- 
gressively fused and hyalinized and with granules of hemosiderin appear- 
ing within them 

(b) Microdissection In the fiist few days of obstruction the 
contour of the distal convoluted tubules is unchanged, but they become 
increasingly more fragile and are of decreased refractive qualities At 
six days there is an infrequent slight increase in external diameter, and 
this becomes somewhat more marked at ten and fourteen days (figs 
17 and 20) There may be variability m the degree of distention of the 
distal convoluted tubules joining one collecting tubule The increase in 
external diameter in no case is found to extend into the ascending limb 
of Henle but frequently is continuous with that of the connecting piece 
and collecting tubule The latter, together with the first part of the 
distal convoluted tubule in the twenty-one, twenty-eight and thirty-six 
day specimens, presents prominent local cystic dilatations highly irregular 
in distribution (figs 21, 22, 27 and 31) The walls of these cystic 
structures are exceedingly thin and delicate, and some are found to end 
blindly as they are dissected from the connective tissue in which they 
are embedded 

At thirty-six days greatly increased distention and deformity of 
certain of the distal convoluted tubules are observed, and they are filled 
with blood The latter is confined almost entirely to loops of the distal 
convoluted tubules, being present elsewhere, in small amount, only in 
the cortical portions of the corresponding collecting tubules (fig 40) 
From forty-six days to two hundred and thirty-one days pigmented distal 
convoluted tubules are found in similar distribution With increasing 
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Explanation or Figures 23 to 33 

Fig 23 (rabbit 16) — Well preserved proximal convoluted tubule from the inter- 
mediate area after twenty-eight days’ obstruction Magnification, 20 

Fig 24 (rabbit 16) — Terminal portion of a proximal contoluted tubule from 
the intermediate portion of the kidnej after twenty-eight dajs’ obstruction Note the 
variability in caliber Magnification, 20 

Fig 25 (rabbit 17) — Increased atrophy of the proximal convolution in the inter- 
mediate area after thirty-five days’ obstruction Alagnification, 20 

Fig 26 (rabbit 16) — One of the verj few dissectable atrophic proximal con- 
volutions from the lateral area after twentv-eight days’ obstruction I^Iagnifica- 
tion, 20 

Fig 27 (rabbit 17) — Cystic dilatations of the distal convoluted tubules in the 
intermediate zone after thirty-five days’ obstruction Magnification, 20 

Fig 28 (rabbit 13) — Atrophic proximal convolutions from the central aica after 
one hundred and fourteen dajs’ obstruction Magnification, 20 

Fig 29 (rabbit 8) — ^Atrophic proximal convolutions from the lateral area after 
forty-six days’ obstruction Alagnification, 20 

Fig 30 (rabbit 16) — Dilated and deformed central collecting tubules fiom the 
central portion after twent 3 "-eight days’ obstruction Magnification, 20 

Fig 31 (rabbit 16) — Dilated, deformed and intcirupted collecting tubules from 
the central area after twenty-eight daj's’ obstruction Note the dilated connecting 
pieces Magnification, 20 

Fig 32 (rabbits 9 and 19) — Dilatation of Bowman’s spaces of glomeruli in the 
central and lateral areas after ninet}-^ daj's’ obstruction One is from a sixty-one 
day kidney Magnification, 20 

Fig 33 (rabbit 16) — Remnants of central collecting tubules from tiie inner zone 
of the medulla aftei twentv-eight days’ obstruction M.ignification, 20 




Figures 23 to 33 
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Explanation of Figures 34 to 42 

Fig 34 (rabbit 8) — Pigmented distal coin oliitions from the central area after 
forty-six dai's’ obstruction ^lagmfication, 20 

Fig 35 (rabbit 19) — Remnants of pigmented distal coinolutions from the central 
area after sixty-one days’ obstruction Magnification, 20 

Fig 36 (rabbit 19) — Blind and flattened collecting tubules to the lateral zone 
after sixty-one days’ obstruction Magnification, 20 

Fig 37 (rabbit 13) — Atrophic, blind and flattened collecting tubules to the 
lateral area after one hundred and fourteen daj's’ obstruction Magnification, 20 
Fig 38 (rabbit 10) — Blind cjstic remnants of collecting tubules from the central 
portion of the medulla after one hundred and sixty-four days’ obstruction l^fag- 
mfication, 20 

Fig 39 (rabbit 11) — Remnants of central cortical collecting tubules after t^\o 
hundred and thirty-one dajs’ obstruction Magnification, 20 

Fig 40 (rabbit 17) — Collecting tubules and pigmented distal convolutions from 
the central portion after thirty-fi\e da's s’ obstruction 'Magnification, 20 

Fig 41 (rabbit 11) — Remnants of branching medullary collecting tubules from 
the intermediate area after two hundred and thirty-one dajs’ obstruction Afag- 
mfication, 20 

Fig 42 (rabbit 19) — Dilated collecting tubules from the central area after sixty- 
one days’ obstruction Note the tapering blind ends at the corticomedullary border 
A'lagnification, 20 
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frequency they aie cut off fiom both then collecting tubules and Henle’s 
loops and so he fiee, decreased greatly in sire and identifiable only by 
then chaiacteiistic contour and pigment content (figs 34 and 35) In 
the lateral portion of the oigan dissectable distal convoluted tubules aie 
not evident after a few weeks, but in the intermediate aiea one can find 
distal convoluted tubules of nearl} noimal contoui m association wnth 
better preseived pioximal convoluted tubules to one hundred and foin- 
teen days 

Collecting Tubules — (o') Micioscopic Sections Aftci tw'enty-four 
houis’ obstruction considerable and widcspicad dilatation of the lumens 
and compiession of the epithelial cells of the collecting tubules are 
evident This is inci eased in the three and siv day specimens and gen- 
eially is inoie marked in the cortical collecting tubules (fig 4) Many 
of the tubules contain coagulated fluid w Inch, as m the distal convoluted 
tubule, does not hare the appearance of casts capable of obstructing 
the lumen Those ducts of Bellini wdieii seen in section piior to then 
previously mentioned fragmentation aie lined bi epithelium wdneh is 
not flattened but fairly normal in appearance 

After a w^eek the fractuied ends of the largei collecting tubules 
communicate with the pelvic cant}, and the margin of the disrupted 
papillary tissue is lined by neciotic material and purulent exudate In 
succeeding weeks there follow’s inci easing piolifeiation of connective 
tissue about the terminal portions of the collecting tubules, and in the 
twenty-eight day specimen they aie completely sunounded by connec- 
tive tissue, and the continuity of the pelvic epithelium is reestablished 
by legeneration of flattened epithelial cells of indifferent character In 
the sixty-one day and subsequent specimens the collecting tubules are 
separated from the pelvis by this prolifeiatmg connectne tissue, which 
is coveied by an unintei rupted epithelial layei 

At ten days and later there is evident a topogiaphic distribution of 
change in the collecting tubules, wdnch is seen best in the dissected 
material The tubules from the central poitions of the coitex aie 
increasingly dilated and shoitened, while those fiom the periphery are 
stretched and nan owed At fourteen days there is evident narrowing 
of the collecting tubules at the corticomedullaiy boundaiy, in wdnch 
region the tubules aie later interrupted and wdien finall}’ a dense hyaline 
scar appears (fig 53) 

In the ten and twenty-one day specimens a few’ erythiocytes aie found 
m the central collecting tubules, and in the thiity-six day specimen a 
slight amount of blood is found in the coitical extiemities of some of 
the central collecting tubules 

In the forty-six day specimen the tubules to the lateial aiea have 
laigely disappeaied, and their lemnants are enclosed in connective tissue 
How’evei, the capillaries betw’een them peisist and aie filled with blood 
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111 the ninety day specimen between groups of glomeruli one finds 
groups of cystic cortical collecting tubules that can be identified by 
reference to the dissected material as lemnants of the medullary rays 

In the one hundred and sixty-four and the two hundred and thirty- 
one day specimens the C 3 'Stic collecting tubules of the central portion of 
the medulla aie enclosed m abundant connectne tissue and aie composed 
of cuboid epithelial cells with well defined cytoiilasmic boideis and 
lound or oval nuclei (fig 9) 

(b) Miciodissection In the fiist days of obstiuction the collecting 
tubules geneially become increasingly fiagile and less refractive, espe- 
cially 111 the outer poition of the medulla and coitex, and they also 
piesent a slight increase in external diameter m the legion of priinai} 
branching, in the inner zone of the medulla The large terniinal collecting 
tubules aie at first unchanged (figs 15 and 16), but after six days, when 
a definite geneial mciease in external diametei of the lemainmg collect- 
ing tubules IS evident, the)'' aie not found save as fiagments 

At ten days a well defined topographic distribution of the alteiation 
in the collecting tubules is apparent Those of the central area aie 
dilated faiily unifoimly fiom the pelvis through the connecting piece 
and distal convoluted tubules (fig 20) At fouiteen days their caliber 
is deci eased at the corticomedullaiy bolder, and in the medulla they 
present an irregulai senes of minute indentations due to encroachment 
of connective tissue In later stages this is increased until they present 
definite saccular defoimities and pursue a toituous course through the 
connective tissue enclosing them 

At twenty-eight days, in the innei poition of the medulla some 
tubules are found completely inteirupted, with the blind ends lying 
adjacent in the softened collagen of the macerated tissue (figs 31 and 
33) At thirty-six da}s the cential collecting tubules aie nai rowed in 
the region of primary branching and in the coitex, with associated 
greater dilatation and inegulanty of outline in the outei zone of the 
medulla (fig 40) At foity-six da)s the number of intenupted cential 
collecting tubules is considerably inci eased At sixty-one days the 
central collecting tubules end blindly at the pelvis and also at the coitico- 
medullary bolder, but the sacculai deformity of the peisisting poition 
in the outei zone of the medulla is increased (fig 42) The coitical 
collecting tubules fiequently aie inteirupted, foiming fusifoim struc- 
tures, which occasionally show cut-off stubs of their blanches 

In the lemainmg specimens of ninety, one bundled and fouiteen, one 
hundred and sixty-four and two hundied and thiity-one days the cential 
collecting tubules peisist as blind stiuctuies of vaiied size and foim At 
ninety days those of the medullary lays aie represented by linear senes 
of minute spherical cysts At two hundied and thiity-one Qays a fen 
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minute remnants of the coitical collecting tubules persist, some reach the 
cortical surface and there blanching, are connected by narrow epithelial 
lemnants to minute blind pigmented distal convoluted tubules (fig 39) 
In the cential poition of the medulla blind sphciical, cylindiic or branch- 
ing stiuctuies aie enclosed in the abundant connective tissue (fig 38) 
The centially placed tubules aie inoie rounded, while lateially the tubulai 
lemnants become incieasingly slendei, flattened or fusiform (fig 41) 
In contrast, the collecting tubules to the lateial poition of the oigan 
are found at ten days to be gieatly stretched and thinned and some 
vntually obliteiated m their midpoitions (fig 17) In succeeding weeks 
mci easing numbeis of moie mediall)' placed collecting tubules become 
similarly involved At thirty-six days, m the connective tissue adjacent 
to the pelvic mucosa aie found mnumeiable minute blind fusifoim 
lemnants of these collecting tubules With advance of the lesion these 
become more fiequently inteiuipted, smallei. more abundant and flat- 
tened, and finally identifiable onl}^ by biancbcs in tbe inner poition of 
the medulla oi coitex (figs 36 and 37) 

The mtei mediately placed collecting tubules aie slightly and uni- 
formly dilated at ten days In appearance the) vary uith the distance 
from the central aiea, on the one side lesembhng the defoimed shortened 
central tubules and on the other the more slendei fusifoim structuies 
of the lateial aiea In the midpoition of this intermediate aiea the) 
persist fairly stiaight and iinifoim in calibei to one hundred and 
fouiteen days and aie not inteiiupted m then couise, being in con- 
tinuity with their distal convoluted tubules and loops of Henle The 
possibility that some of these well pieserved collecting tubules in the one 
bundled and fouiteen day specimen communicate with the pelvis is not 
satisfactoiily excluded, and in any e\ent it seems that the) must haie 
done so shoitly before the end of this peiiod 

INTERSTITIAL ALTERATIONS 

111 the filst few weeks the inteistitial tissue is edematous, but this 
becomes progressively less conspicuous aftei the third week 

The interstitial tissue is piomptly infiltrated by polymorphonucleai 
leukocytes and lound cells, and these aie constantly present in the hydio- 
nephrotic kidney and, although varying in degiee m diffeient specimens, 
become moie prominent with development of the lesion (figs 4 to 9) 
Distinct aggiegates of round cells aie piesent in the coitex as eaily as 
twenty-one days aftei uieteial ligatuie No anywise comparable leuko- 
cytic infiltration is evei observed m micioscopic sections piepaied in 
the routine mannei fiom the opposite kidney 

An mciease m the size of the nuclei of connective tissue cells is 
generally evident after one day, and after a week a diffuse pioliferation 
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of connective tissue is found In succeeding weeks this becomes moie 
pionounced with particulai localizations It is piominent about the 
fragmented lemnants of the collecting tubules of the papilla and also 
in the medulla about the collecting tubules of the central aiea Here 
at ten days compiession of the loops of Henle and serial constiiction 
of the collecting tubules aie evident, with latei production of sacculai 
deformities, linear seiies of spheiical cysts and the bizaiie stiuctures of 
the advanced stages (fig 38) 

Disci ete scats aie evident eaily about the laiger blood vessels At 
fourteen days the cential collecting tubules aie nai rowed at the coitico- 
medullaiy boundaiy, at sixty-one days they are intenupted at this point, 
and latei in this region a dense zone of hyahmzed collagen is present 
(fig 53) 

In this study both in the micioscopic sections and in the dissected 
mateiial stiuctuial change m the blood vessels appeals insignificant 
In the eaily stages theie is consideiable congestion of the capillaiies 
and veins without topogiaphic localization in the sections examined 
The glomeiulai capillaiies are quite unifoimly compiessed, and then 
blood content is less than noimal 

Aftei ninety days model ate thickening and hyalmization of the 
smallei aiteiial blanches aie obseived Connective tissue piolifeiation 
within the capillary tuft is seen first aftci two bundled and thiity-one 
da}s 

The thickening of the aiteiioles in the coitex (fig 9) may be due in 
pait to the concentiation of glomeiuh Muth associated shoitenmg of the 
vasculai tiee 


TOPOGRAPHY OP TIYDRONEPIIROTIC KIDINEYS 

For pui poses of illustiating the topogiaphic lelations of the alteied 
nephrons and collecting tubules the expeiiments have been grouped 
according to then possession of ceitain common attiibutes The out- 
line of a lenal section typical of each period has been traced, and camera 
lucida drawings of actually dissected structuies placed within it in the 
positions noted at the time of dissection Thus the topogiaphic figures 
43 to 54 are not diagiammatic except m the sense that they lepiesent 
a synthesis of the material fiom seveial kidneys 

One and Tluee Days of OhsUucHon (figs 43 and 44) — In this 
period occur the flattening and splitting of the papilla (fig 1) which 
piecede sepaiation of the fiagmented ducts of Bellini Otherwise, m 
this mteival theie is no localization of change within the organ How- 
evei, considerable and faiily widespiead dilatation of tubular lumens 
with compression of epithelial cells lapidly develops, and this is evi- 
denced in the dissected mateiial by inci eased fragility and tianslucence 
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of the nephions In addition theie is a piompt and leadily appaient 
deciease in the size of the pioximal convoluted tubules 

At the end of twenty-foui hours’ obstruction theie is a slight increase 
in the external diametei of the collecting tubules in the legion of the 
primary blanching, and after thiee days theie is a slight general inciease 
m the external diametei of most of the collecting tubules peripheral 
to this point 

Six, Ten and Fowlcen Days of Ohshnciwn (figs 45 and 46) — 
In this peiiod there occuis only a slight mciease m the volume of pelvic 
fluid, but with its accumulation there develops obliteration of the papilla 
with separation of the disrupted extremities of the collecting tubules 
Theie also becomes appaient a topographic distribution of change in 
the nephions throughout the kidney, and this stiuclural pattern persists 
111 latei stages of the study 

The glomeiuli m the lateral poition of the oigan become flattened, 
with their long axes iiaiallel to the capsulai surface 

Atiophy of the proximal convoluted tubules increases and becomes 
especially marked m the cential and lateral portions of the organ, uith 
peisistence of less atiophic units m the intei mediate area 

The long loops of Henle, paiticulaily those of the cential aiea, 
extend into the maigmal neciosis of the fiagmented papilla, and othei 
Henle’s loops aie found modified in accoi dance with stiuctuial altera- 
tions m the adjacent collecting tubules 

The central collecting tubules become incieasmgl}^ dilated and tians- 
lucent, and this change extends commonly to the loops of Henle 7 he 
collecting tubules to the latei al aiea aie stretched and nan owed m then 
midportions, and some aie mteriupted The collecting tubules of the 
mtei mediate area aie dilated slightly and quite uniformly fiom the 
pelvis to then distal convoluted tubules 

Tzventy-One and Tzventy-Eight Days of Obstiuction (figs 47 and 
48) — ^During this inteival the A-olume of pelvic fluid is about doubled 
and has become blood tinged The continuity of the pelvic and tubular 
epithelium is reestablished, and fibiosis within the paienchyma is con- 
spicuous, especially in the cential poition of the medulla and cortex 
Atrophy of proximal convoluted tubules is inci eased, and dissectable 
proximal convoluted tubules are rarely encountered save in the intei- 
mediate area 

The loops of Henle m the cential poition of the medulla aie incieas- 
ingly compressed by the dilatation of the adjacent collecting tubules 
and by the piohferating connectue tissue Those long loops of the 
lateral area are stretched, and no particular shortening of the loops 
of Henle is apparent 
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Fig 43 (rabbit 6) — One day’s obstruction Magnification, 6 
Fig 44 — Camera lucida drawings of actually dissected structures from kidnevs 
obstructed for inteivals of one and three days placed in the position noted at the 
time of dissection During this interval there is no localization of change within 
the nephrons 




Fig 45 (rabbit 14) — Ten davs’ obstruction Magnification, 6 

Fig 46 — Six, ten and fourteen days’ obstruction Topographic distribution of 
change is evident after ten days’ obstruction This is emphasized in the increased 
atrophy of the proximal convoluted tubules in the central and lateral areas and in 
the shortening and stretching of their respective collecting tubules 
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Fig 47 (rabbit 16) — Twenty-eight days’ obstruction Magnification, 6 
Fig 48 — Twenty-one and twenty-eight days’ obstruction Few dissectable 
proximal convoluted tubules are found save in the intermediate area 
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Dissectable distal convoluted tubules aie ven laie in the lateral 
area, but in the cential area, although theie is inaiked atrophy of the 
proximal convoluted tubules, the associated distal coinoluted tubules 
are not i educed in volume but, on the contiary, occasionally piesent 
local cystic dilatation 

The dilatation and defoimity of the cential collecting tubules arc 
increased, and in the abundandy developing interstitial tissue in the 
iiinei zone of the medulla blind remnants of these tubules aic observed 
The collecting tubules of the intermediate aiea pursue a faiih straight 
course and piesent modeiate uniform dilatation In the lateral portion 
of the oigan inci easing numbers of more mediall} placed collecting 
tubules are found sti etched and inteiiuptcd 

TJwty-Six and Foity-Six Days of Ob’ili uction (figs 49 and 50) — 
In the foity-six day specimen (fig 2) the ^olume of the pelvic fluid is 
two and a half times that of the twenty-eight da} specimen, and the 
fluid IS composed m considerable pait of fresh blood 

The only dissectable proximal con\oluted tubules in these specimens, 
as in the subsequent ones, aic found m the intermediate aica These 
are definitely atiophic, and adjacent tubules m this aiea ^ar\ greath 
m size and m lefi active qualities 

The topogiaphic distiibution of change is furthei emphasized in 
this period by an accumulation of blood in the distal con^oluted tubules 
and to a slight degiee in the collecting tubules of the central area The 
lateral bordei of the area of pigmented distal coiiAoluted tubules is 
sharp, but among better preserved elements of the intermediate area 
a few pigmented distal convoluted tubules aie found Several groups 
of these isolated distal convoluted tubules are traced to single collecting 
tubules, which also contain a slight amount of blood The associated 
proximal convoluted tubules, identified by their i elation to glomeruli 
are maikedly atrophic, and they, togethei wuth their glomeiuli, aie free 
from blood 

The atrophy of the collecting tubules to the latei al area has increased, 
and a larger piopoition of these tubules is inteirupted The central 
collecting tubules are nairow’^ed in the region of piimaiy blanching, are 
increasingly dilated and constricted m the outer zone of the medulla 
and are sharply narrowed at the corticomedullaiy boundaiy and through 
the cortex 

The less atrophic proximal convoluted tubules m the intermediate 
area are associated with well preserved, nonpigmented distal convoluted 
tubules and with collecting tubules which, although slightly dilated, 
pursue a fairly straight, uninterrupted course 

Sixty-One, Ninety and One Hundred and Fourteen Days of Ohstr uc- 
tion (figs 51 and 52) — In this interval the volume of pelvic fluid has 
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deci eased to abotif. 25 pei cent of that found in the foU\ -si v da} 
specimen and has become less tuibid and is free fiom obMOus blood 
In the cenlial and lateial aieas thcic is consideiable c\stic dilatation 
of some glomeuih in the inner poition of the coite\ m diiecl i elation 
to the laigei aicuate vessels 

Peisistent lemnants of pigmented distal convoluted tubules occui 
in a distribution similai to that noted prc\ioii‘'l} In this aiea and in 
the lateial aiea jnoximal coinolutcd tubules aie identifiable oecasionalh 
as minute twigs on glomei uli opposite the a cssel pole 

The cential collecting tubules aic inteiiupted at the coiticomcdullan 
boidei and arc intenupted m the eoitex lepcatedl} ^\lth the ioiination 
of slendei fusifoim stiuctuies and liiieai series ol minute spheneal 
cysts The collecting tubules of the lateial aiea exist as blind flattened 
structuies, identifiable vith ceitamty onlv m the legions of blanching 
in the innci poition of the medulla and coitex 

The collecting tubules aie separated fiom the jiehis In conncctne 
tissue, and the peUis is lined by intact epithelmni 

The last dissectable nephions are found in the intei mediate aiea of 
the one hundred and fouiteen day specimen Then collecting tubule^ 
distal convoluted tubules and Plenle s loops m so far as the latter could 
be followed, are of i datively normal contoui, and their pioximal con- 
voluted tubules are slightly laigei than those found m the coi responding 
position in the sixty-onc day specimen These elements of the one 
hundred and fourteen day specimen contiast vith the extiemely atrophic 
lemnants of the ninety day specimen, m \\hich no intact nephions aic 
found 

One Hniidicd and Suty-One and Tzoo I-Jnndicd and TJin ly-Onc 
Days of OhsUncHon (figs 53 and 54) — Duimg this peiiocl the 
volume of pelvic fluid is reduced fuithei to 50 pei cent of that at one 
bundled and fourteen days of obstruction, and in some dimensions the 
hydionephiotic kidney is i educed below the noimal The pehic fluid 
however, even at this stage is not quite cleai but remains slightly tuibicl 
and 5fellowish 

The glomeruli are remaikably close togethei, being separated onlv 
by collagen fibrils and an occasional tubulai lemnant Pioximal con- 
voluted tubules aie not identifiable Occasional blind lemnants of pig- 
mented distal convoluted tubules aie found in the cential portion of the 
coi tex 

The blind, cystic medullary collecting tubules aie of vaiiable size 
and contour, depending on their blanching and then distance from the 
central aiea With progression lateially fiom the central part of the 
medulla they become increasingly moie slender and shorter until they 
blend with the exceedingly atrophic, undissectable lemnants of the col- 
lecting tubules to the more lateial portions of the organ 




Fig SI (rabbit 19) — Sixty-onc da\s’ obstruction Magnification, 6 
Fig 52 — Sixty-one, ninety and one hundred and fourteen days’ obstruction 
Cvstic dilatation of the glomeruli is noted in the central and lateral areas Pig- 
mented remnants of distal convoluted tubules persist in the central area The last 
dissectable nephrons are found in the intermediate area in the one hundred and 
fourteen day specimen 
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Fig S3 (rabbit 11) — Two hundred and thirty-one days’ obstruction Magnifica- 
tion, 6 

Fig 54 — One hundred and sixty-one and two hundred and thiity-one days’ 
obstruction The cortex is composed of concentrated glomeruli separated bv 
collagen fibrils and minute unidentifiable tubular remnants The collecting tubules 
of the medulla vary in size and contoui, in their branching and m their distance 
from the central area, blending laterally with undissectable tubular remnants 
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COMMENT 

For years the literature has contained Cohnheim’s ^ authoritative 
description of typical hydronephrosis produced by sudden, permanent 
experimental occlusion of the ureters of rabbits and dogs Although 
he contrasted the “moderate” hydronephrosis developing after sudden, 
persistent uieteial occlusion with the really voluminous hydronephrosis 
found in animals with slowly developing, partial oi intermittent obstruc- 
tion, his obseivations offer no basis for confusion and are m accord 
with common experience He described the yielding of the pelvis to 
the accumulating fluid and the setting in of absorption of the fluid He 
believed it unnecessary to have recourse to the possibility of continued 
secretion by the pelvic mucosa to explain the increase in volume of the 
pelvic fluid because he found that the kidney had by no means ceased to 
secrete His experimental results were amply confiimed several decades 
ago by Guyon and Albarran,“ Fabian,’' Ponfick ^ and Suzuki ® 

Nevertheless, suggestions persist that sudden complete ureteral 
obstruction is not followed by accumulation of pelvic fluid, and from 
this erroneous idea, and not from direct anatomic evidence, prompt 
parenchymal atrophy has been inferred to account for the supposed 
lack of accumulating fluid The lineage of this concept of “piimary 
atrophy” perhaps may be tiaced through the early work of Lindemann ® 
and others, but, as Papin observed, the exceedingly infrequent experi- 
mental examples of the so-called primary atrophy were generally recog- 
nized at the time as exceptional 

Misquotation of Cohnheim ® has sustained this notion of “primary 
atiophy ” Such misinterpretation is to be found in the papers of 
Albarran,^^ Lindemann® and Scott and more lecently in the work 
of Suter^® 

5 Cohnheim, J Vorlesungen uber allgemeine Pathologic, Berlin, A Hirsch- 
wald, 1880 

6 Guyon, F, and Albarran, J Arch de med evper et d’anat path 2 181, 
1890 

7 Fabian, E Pathologic und pathologische Anatomic, in Born, G , and Flugge, 
K Bibliotheca medica, Cassel, T G Fischer & Co , 1904, vol 18, p 1 

8 Suzuki, T Zur Morphologic der Nierensekretion unter physiologischen 
und pathologischen Bedingungen, Jena, Gustav Fischer, 1912 

9 Lindemann, W Ztschr f khn Med 34 299, 1898 

10 Papin, E Les hydronephroses, Pans, Gaston Doin, 1930 

11 Albarran, J Expose des travaux scientifiques de J Albarran, Pans, 
Masson & Cie, 1906 

12 Scott, G D Surg , Gynec & Obst 15 296, 1912 

13 Suter, F, in von Bergmann, G, and Staehehn, R Handbuch dei inneren 
Medizin, Berlin, Julius Springer, 1931, vol 6, pt 2 
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It IS to be found also in the cm lent edition of a leading Amciican 
textbook of patbolog) “Cobnbeim made the statement that onh 
paitial oi inteimittent obstiuction is followed by gieat distension of the 
pehis, while complete obstiuction icsults in cessation of the flo\\ of 
mine and atiophy of the kidne} ” 

Although this concept of “piimai} atiophy” had no acceptable 
demonstiated basis m leality, and althougli it ^\as adequatcl} lefuted 
moie than thiee decades ago, the cxtieme expression of a converse 
conception is found m Hinman’s opinion that the “p}elo^enous back- 
flow” fiom the pelvis of an activel}’’ functioning In di oncphrotic kidnet 
peimits maintenance of a “fresh nater lake continuously renewed b} 
actue secietion above” 

Ponfick’s ^ studies led him to conclude that the late of accumulation 
of pelvic fluid and the rate of atiophy of the paienchjma are in agree- 
ment, that lecipiocal relations exist between the mass of the pelvic 
fluid and the mass of the paienchjmal elements For this leason it 
appealed to him that in latei stages and m highei degrees of pelvic 
distention an evei inci casing piopoition of the accumulating fluid must 
flow fiom the pelvic mucosa In the piesent stud} the rale of accumula- 
tion of pehic fluid and the latc of atiophy of the paienchyma arc found 
to be in accord with the coi responding data of Ponfick, and, although 
the pelvic content obviously is not “stagnant,” it at no time resembles 
a “fresh water lake ” 

It is commonly acknowdedged that the pelvic fluid quickl} loses the 
chaiactei of uiine, and it must thcieforc be granted that the organ has 
ceased to function as a kidne} Although for a considerable period 
aftei meteral ligation the highly v^ascular renal parenchyma seems an 
obvious source of pelvic fluid, and although the analogy diawm betw^een 
hydronephrosis and hydiops of the gallbladder is an ancient one, no 
assuiance has been offered thus fai as to the v'alidity of the varying 
opinions as to the source of the fluid Thus the accumulating pelvic 
fluid tow^aid which, as Ponfick stiessed, attention so laigely has been 
diiected by the prejudicial teim “hydronephrosis” loses its immediate 
importance as a direct measuie of the paienchymal secretoiy activity and 
stiuctural change 

The present study has shown that the late of accumulation of pelvic 
fluid rises sharply between four and eight weeks after ligation of the 
ureter, and this change in rate is due largely to bleeding into the pelvis 
Inasmuch as no source of bleeding has been found within the parenchyma 

14 MacCallum, W G Text-Book of Pathology, ed 6, Philadelphia, W B 
Saunders Company, 1938, p 438 

15 Hinman, F , m Nelson Loose-Leaf Living Surgery, New York, Thomas 
Nelson & Sons, 1937, vol 6, p 545 
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even on histologic examination, it is assumed that the hemoiihage may 
be from peiipelvic veins This lapidly developing hemorrhagic chai- 
actei and sharp inciease in volume of the pelvic fluid within a limited 
interval of time have not heietofore been recognized Although these 
featuies were completely reproducible in a series of 6 additional animals 
used for verification of these points, and although in this aspect of the 
problem as m otheis there is, in general, progiessive agieement in the 
couise of the piocess in the animals studied, and although in the hteia- 
tuie there is indirect confiimation, one can conceive of ciicumstances 
which might lead to nonappeaiance of the bleeding, such as an unusual 
distnbution or charactei of penpelvic vessels or a failuie of pelvic fluid to 
accumulate to the ciitical volume lequiied to produce the striking ciicu- 
latory disturbance which in this senes has constantly developed 

In the thiity-six day specimen of his senes Ponfick ^ did not describe 
an especially hemoirhagic fluid but noted rust brown layers of erythro- 
cytes on parts of the pelvic mucosa and commented on their lelative 
abundance in the pelvic fluid in contrast to their isolated appearance 
in the parenchyma He had no animals with ureters obstructed foi 
intervals between thiity-six and one hundred and twenty days, and 
Fabian,^ although he mentioned ligation of the meters of 125 animals, 
listed none as examined in the interval between twenty-five and fifty 
days among the 17 for which individual protocols were offered How- 
ever, Ponfick ^ and Suzuki ® offered undeniable coi roborative evidence, 
shortly to be mentioned 

The early splitting of the papilla with disiuption of the ducts of 
Bellmi and later sepaiation of the torn ends of the collecting tubules 
due to the accumulation of pelvic fluid is a significant injuiy with 
respect to both the regional parenchymal changes and the fate of the 
organ The unipapillary kidney of the rabbit may be expected to differ 
somewhat fioni the multipapillai}'^ kidneys of othei animals in this 
feature, and difference in the degree of tiauma and m the piogiess of 
repair may be significant factors in determining the somewhat variable 
course this type of expeiimental hydionephrosis is known to follow in 
these animals (Fabian’^) It seems likely that these factors may be 
lesponsible foi the irregularities in the atrophy and in the preservation 
of nephrons that aie so striking in the intermediate area m the ninety 
and one bundled and fourteen day specimens of this study 

Foi a variable period m the early weeks of the obstruction the 
surface of the fragmented papilla is neciotic and is covered by a 
model ately abundant purulent exudate This “necrosis” of the papilla, 
described by Helmholz and Field and assumed by them to be due to 
“anemia,” is produced by the physical trauma that results from incieas- 

16 Helmholz, H F , and Field, R S J Urol 15 409, 1926 
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mg pelvic distention Kelly and Buinam^' suggested that compression 
of the ducts of Bellini due to papillary flattening creates a valvelike 
sti ucture of the papilla, and Hinmaii and Lee-Brown compared this 
“valve” to the uretei ovesical ^alve and discovered that the collecting 
tubules become collapsed and even moie “valve-like” as hydronephrosis 
progresses On the contiar} , as has been noted, the papilla of the rabbit 
kidney is torn apait by the piessuie of the accumulating fluid 

Repoits in the literature lepeatedly speak of glomerular “dilatation” 
as a consequence of obstruction This has been found to be rare and to 
occur, as Zurhelle obsei ved, only in certain glomeruli m later stages 
of obstruction No significant inciease m external diameter is found 
on measuiement of glomeruli m tissue sections, and such is not evident, 
save as mentioned, in the maceiated material, in which recognition of 
variation in glomerulai foim and \olume is readily possible 

The long lecognized lack of con elation between glomerular and 
“tubular” atioph)^ in h)'dronephiosis is evident at an early period in 
the dissected mateiial This disproportion is most obvious between 
glomeiuli and the pioximal convoluted tubules 

In the literatuie one encounters numerous descriptions of curious 
structural changes that have not been found in the piesent study 
Among them might be mentioned the fusion between the capillar}^ loops 
and the parietal layer of Bowman’s capsule and the disappearance of the 
capsular space noted by Grubei,-® the glomeruli lying loose in their 
capsules described by Oith-^ and tbe constant foim of a flattened 
hexagon assumed by Bowman’s capsule described by Ponfick^ 

In past desciiptions of the effect of hydronephrosis on the renal 
parenchyma there is almost universal uncertain usage of the term “dilata- 
tion ” No distinction is made between increase in caliber of lumen 
and increase in external diameter of the tubule The reader is therefore 
left uncertain as to whether any increase in the size of affected nephrons 
has occurred, for a tubule with a dilated lumen may or may not be a 
“distended” tubule 

Hypertrophy of the proximal convoluted tubules was never observed, 
in contrast to the finding of Hinman,’^'' nor was the external diameter 
of these tubules ever found to be greater than noimal, in spite of fre- 
quent mention in the literatuie of their “dilatation ” Evidence of injury 
of their epithelial cells is to be found aftei twenty-four hours’ obstruc- 

17 Kelly, H A , and Burnam, C F Diseases of the Kidneys, Ureters and 
Bladder, New York, D Appleton and Company, 1914 

18 Hinman, F , and Lee-Brown, R K J A M A 82 607, 1924 

19 Zurhelle, E F Frankfurt Ztschr f Path 10 42, 1912 

20 Gruber, G B , in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1934, vol 6, pt 2 

21 Orth, J Virchows Arch f path Anat 202 266, 1910 
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tion, and a moderate, irregularly distributed increase in caliber of their 
lumens is also to be seen at this time Early degenerative change in 
the epithelial cells of the proximal convoluted tubules is mentioned fre- 
quently in the literature 

Suzuki,® even using intravenous injections of carmine as a means 
of localization and so gaming an especial appreciation of the effect 
of obstruction on the proximal convoluted tubules, gained only a sus- 
picion of the rapidity and degree of then atrophy Further, his con- 
clusion IS weakened by his fiank admission that his effort to distinguish 
between different types of tubules in later stages of the lesion was 
carried to that fine point where he no longer was certain that he was 
telling them apart 

The most striking change in the proximal convoluted tubule is there- 
fore their prompt and marked reduction in volume This, indeed, is 
noted in the first week of obstruction but can be appreciated only in 
the dissected material, in which many atrophic proximal convoluted 
tubules can be observed at a glance and readily compared with the 
normal 

The most obvious condition associated with the atrophy of the 
proximal convoluted tubule in time and place, which usually is the 
essence of the establishment of a “causal relation,” is urinary obstruc- 
tion The importance of this condition as the cause of parenchymal 
change is supported further by the more rapid atrophy occurring in the 
areas where secondary blockage of the tubules can be demonstrated to 
exist within the nephi ons — i e , in the central and lateral portions of 
the organ, where after twenty-eight days dissectable proximal convoluted 
tubules are no longer to be found — and by the fact that in the inter- 
mediate area where such secondary blockage is not to be demonstrated 
the least atrophic nephi ons, the ones of more nearly normal contour, 
are to be found Obviously, innumerable secondary causal relations 
develop, but thus far no one has been able to extricate himself success- 
fully from efforts to evaluate the relative importance of, for example, 
the altered blood supply and interference with function and the distri- 
bution of pressure as factors in determining the genesis of hydro- 
nephrosis 

Thus the concept of atrophy of the kidney developing promptly after 
obstruction of urinary outflow appears again but established on objec- 
tive anatomic evidence and including a regional distribution within the 
nephron and within the organ The concept’s approach to reality 
becomes topographic and quantitative and a function of time elapsed 

22 (a) Heidenham, R Arch f d ges Physiol 9 10, 1874 (6) Joelson, F J 

E , Beck, C S , and Montz, A R Arch Surg 19 673, 1929 (c) Boetze'l, E 

Beitr z path Anat u z allg Path 57 294, 1913 (d) Ponficki 
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Inasmuch as the pioxnnal convoluted tubules foim the chief bulk 
of the oigan, then lapid atioph} is a factoi of the gieatest impoitance 
m facilitating the accumulation of pelvic lluid and in detennming the 
architectuie of the hydronephiotic kidne}' 

The only localized change found with any legulant} within indi- 
vidual pioxnnal convoluted tubules coricsponds with a localization found 
by Suzuki,® wdio noted that aftei nine dajs of obstiuctioii, although 
the epithelial cells of the initial portion of the proMinal coinolutcd 
tubule w^eie almost as stioiigl) stained b} the pie\ioiisly injected carmine 
as those of the opposite side, tlie terminal poition of the ob'^tuicted 
proximal convoluted tubule wms poorly stained 

Henle’s loops maintain then identiU thiough a consideiable inter\al. 
being shortened oi sti etched onh in proportion to the change occurring 
m the collecting tubules betw'een wdiich they he embedded in connectne 
tissue fibiils They never become distended as do the distal coinoluted 
tubules and collecting tubules, the} aic not jiresened as are the 
glomeiuli, and they show' no lapid dtciease m size comparable to that 
of the proximal convoluted tubule, fiom which the\ aie continuall} 
distinguishable (as long as the pioxnnal coinoluted tubule can be dis- 
sected) by a vaiiable but definite persistence of the original sharp 
transition 

The loops in the cential and lateial aieas become thin and delicate 
more lapidly than those m the intci mediate area and with the increase 
of diffuse inteistitial fibiosis aie almost impossible to trace after thirty- 
five days Their lumens variably increase in calibci, but no increase 
in exteinal diameter is obseived e\en proximal to obvious obstruction 
due to connective tissue or to dilated collecting tubules m the cential 
region of the medulla This interfeience w'lth the loops of Henle in 
the central portion of the medulla, along w'lth the tearing of the long 
loops involved in the disiuption of the papilla, ob\iously provides a 
secondary interruption in the nephrons and involves chiefly those of 
the central poition of the paienchyma 

Suzuki ® noted that the ascending limb of Henle is “dilated” and 
includes this togethei W'lth the distal convoluted tubules in his dilated 
system of tubules This again emphasizes the loose application of the 
term “dilatation ” Contradictions in its use ai e too numei ous and too 
unimportant to mention fuither save foi the inteiestmg contrast pio- 
vided by Scott, wdio described “dilatation” beginning in the straight 
tubules and proceeding through the proximal convoluted tubules to 
the glomeruli, and Johnson,® w'ho described “dilatation” primaiy in the 
glomeruli with progiessive extension thiough the tubulai system to the 
pelvis In the piesent study the only “distended” tubules encounteied 
have been the distal convoluted tubules and the collecting tubules of 
certain portions of the kidney 
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In the afoiementioned study by miciodissection ® theie aie desaibed 
a shortening and di awing up of the long loops of Henle with the con- 
sequent disappeaiance of the loop so that the glomerulus conies to he 
directly attached to the collecting tubule No dissections are shown 
to support this conclusion, leieience being made for its illustiation to 
a diagiam which represents obviously a subjective interpretation rather 
than a reality of observation Such was not found in the material of the 
present study, but appearances that conceivably might give rise to such 
an interpretation were piovided roughly by arteiies with glomeruli 
attached or by collecting tubules and distal convoluted tubules with 
glomeruli attached The glomeruli normally are attached to then 
distal convoluted tubules by fibrous strands of greatei tensile stiength 
than is possessed by the delicate neck of the proximal convoluted tubule 
and so may lemain attached to the distal convoluted tubule on dissection 
of the macerated tissue 

In contrast to the absence of distention m the proximal convoluted 
tubules and loops of Henle at any stage of the hydi onephrotic altera- 
tion, an increase in the external diameter of many of the distal con- 
voluted tubules and collecting tubules develops early and not infrequently 
reaches for a time cystic proportions In the kidneys of a patient with 
Bright’s disease in the terminal stage Oliver found remarkable dilata- 
tion of Henle’s loops and of proximal convoluted tubules as a result of 
obstruction due to filling of dilated distal convoluted tubules and col- 
lecting tubules with solid debris Theie exists an obvious difference in 
the giadual development of occlusion of the individual nephrons of the 
kidney in Bright’s disease and the sudden interference with ureteral 
flow m experimental hydronephrosis with the complicating factor of 
pelvic distention, which doubtless tends to prevent spread of mtratubulai 
pressure throughout the kidney 

On the other hand, this difference in behavior contrasts with the 
striking similarity of the structural form of the dilated and defoimed 
collecting tubules found in the central portion of the medulla in the 
later stages of hydronephrosis (fig 42) and the pattern of collecting 
tubules isolated from kidneys of patients with Bright’s disease m the 
terminal stage by Oliver 

The value of the method of microdissection in revealing the ai range- 
ment of nephrons into an oigan is ivell illustrated in the hydronephrotic 
labbit kidney because of the relative simplicity of the general topogiaphic 
pattern that is reduplicated in the successive stages of the experimental 
lesion Despite' this simplicity, efforts to localize such change within 
the kidney by a study of microscopic sections have been largely unpi oduc- 

23 Oliver, M p 90, plates XVIII-XXI 

24 Oliver, 2<i plate VI, fig 44 
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tive In the literature”® one frequentl}^ encounteis the teim “group 
atrophy” of pai enchymal elements without intimation as to the constitu- 
tion of the “groups ” The only possibilities suggesting themselves as 
explaining the use of this term is that repeated cuts across a single 
proximal convoluted tubule or that the previously mentioned cystic 
tubules of the medullary rays may have been observed 

Suzuki ® found that the best preserved tubules were in the “medial- 
sagittal” section of the kidney and that the rate of atrophy was directly 
1 elated to the distance fiom the papilla The more rapid atrophy of 
the lateial portion of the kidney has been generall}'’ recognized, and 
Suzuki attributed it to the fact that the collecting tubules adjacent 
to the pelvis are more readily compressed by the direct pressure of 
the accumulating pelvic fluid However this may be, as microdissection 
shows, these collecting tubules are stretched and interrupted early, 
and this is the chief finding related to the more prompt atrophy of the 
lateial area of the kidney The importance of casts as causes of secondar} 
obstiuction w'lthin the kidnej'', emphasized by Ponfick,’- is not borne 
out by an examination of the tubules m their actual continuity in micro- 
dissection Detritus was larely seen plugging tubules and then w^as 
found m tubules already interrupted 

With accumulation of pelvic fluid and advance of the parenchymal 
lesion there is progressive narrowung of the intermediate zone of the 
kidney, which undergoes minimal disturbance m general arrangement 
This smallei distortion togethei with the slighter involvement of the 
collecting tubules and Henle’s loops in the fragmentation of the papilla 
and the lesser piohfeiation of the inteistitial tissue is associated with 
the fact that some of the nephrons in this zone maintain their identity 
as morphologic units for as long as one hundred and fourteen days It is 
to be observed that after thirty-five days’ obstruction some of the 
proximal convoluted tubules m this area possess mitochondria of nearly 
normal arrangement 

The distance between the pelvis and the cortical surface in the central 
area is quickly reduced wuth the accumulation of pelvic fluid, and thus 
there develops a considerable difference in length of collecting tubules 
between the central and the intermediate zones The central collecting 
tubules also promptly become distended, and this distention increases 
in certain regions to a considerable degree Contrary to the findings 
of Suzuki,® the atrophy of the proximal convoluted tubules in the central 
area is nearly as rapid as is that in the lateral area This is associated wi:h 
the greater involvement of the long Henle’s loops in the fragmentation of 
the papilla and the compression of these loops by the promptly distended 

25 (c) Hinman, F Surg, Gynec & Obst 58 356, 1934 (&) Hinman, F, 

and Alornson, D M Surg , Gynec & Obst 42 209, 1926 (c) Hinman (rf) 

Joelson 221 ) 
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collecting tubules and by the early and marked pi olif elation of connective 
tissue in this area Thus, although there is rapid atrophy of the proximal 
convoluted tubules in both the lateial and the central portion of the 
kidney, the collecting tubules in the former area are stretched and 
interrupted while in the latter portion of the kidney they are shoitened 
and dilated The pressure within the central collecting tubules is evi- 
dently sufficient to maintain them together with their distal convoluted 
tubules as patent tubes for a considerable period after their respective 
proximal convoluted tubules and Henle’s loops aie markedly atrophied 
That for a time considerable fluid flows from the pelvis through these 
short, dilated central collecting tubules to be absorbed in the distal con- 
voluted tubules will be evident fiom the following considerations 

After thirty-six days’ obstruction the distal convoluted tubules in 
the central area are dilated and filled ivith blood The sudden increase 
in size and the close packing of the erythrocytes indicate that within 
a short period theie must have been a consideiable backflow of blood 
and absorption of fluid from the distal convoluted tubules 

The source and peculiar distribution of this blood puzzled Ponfick,^ 
who noted it first in his thirty-six day specimen He sensed that it 
might yield important information about the genesis of hydronephi osis 
but, being unable to identify the tubules in which it occurred, saw only 
that in the progressive changes occmimg in the blood cells theie existed 
a guide to the duiation of the lesion 

Suzuki ® found blood with identical distribution in his forty-one 
day specimen and also m his later specimens and noted the development 
of stainable non within it Suzuki likewise failed to localize the blood 
within the distal convoluted tubules — an identification impossible in the 
microscopic sections that is obvious in the dissected mateiial Suzuki 
thought that the blood might come from the glomerulus but was dis- 
satisfied with this conjecture and offeied as an alternative hypothesis 
that it might come fiom local lupture of vessels into adjacent tubules 
Such an idea, unsupported as it is by direct evidence, need not be 
maintained in face of the pieviously described unique distribution of 
this blood Furthermore, this phenomenon is coincident with massive 
bleeding into the pelvis of the kidney from no identifiable parenchymal 
source 

Backflow IS manifestly impossible in the interrupted collecting tubules 
of the lateral area, and while it occurs m some of the nephrons of the 
intermediate area which have exceedingly atrophic pioximal convoluted 
tubules, it does not occur into those distal convoluted tubules which 
are associated with the least atrophic proximal convoluted tubules of 
tins area The lelative morphologic integrity of these nephrons sug- 
gests that in many of this numerically insignificant group there may be 
a flow directed towaid the pelvis As an important factor m hindeimg 
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blackflow into the collecting tubules of the iiitei mediate area their greater 
length also must he consideied Blood nas not found m collecting 
tubules unless it had piogressed to and accumulated in the distal con- 
voluted tubules 

The dilatation and defoimity of the distal convoluted tubules and 
the filling of then loops by solid mateiial aie similar to the finding 
of Oliver m the kidneys of the patient with Blight’s disease and may 
be consideied as additional evidence that the distal comoluted tubules 
aie the noimal sites of absorption of fluid and aie points where debris 
may he solidified into obstructing solid masses 

No changes have been found m the vessels in tissue sections othei 
than fanly unifoim anemia of the glomeiulai capillaries and moderate 
to marked congestion of the larger veins m early stages, and no changes 
have been found in the dissection which peimit speculation as to the 
cfficienc}’’ of these vessels To deteimine the minute volume of blood 
flowing thiough them by looking at minoi changes m the artefacts of 
microscopic sections would seem impossible On such a basis theie has 
been consideiable speculation concerning the obvious circulatory dis- 
turbance occunmg in the hydronephiotic kidney In pei fusion experi- 
ments Ghoieyeh found evidence of letarded flow thiough the obstructed 
kidney, initially onl} m the piesence of the accumulated pelvic fluid, 
but after a week on lemoval of the fluid He attiihuted the difference 
in retaidation of flow to pi ohferative changes in the interstitial tissue 

B}'- anothci appioach, the injection of hatnim sulfate gelatin and 
the celluloid con osion method, liinman and Moi ison - demonstrated 
an alteied arrangement of the largei vessels and a deciease in numhei of 
the finer aiterial branches of the hydionephiotic rabbit kidney after 
seventy days of complete uicteial obstruction His conclusion that 
“atrophy” of the finei aiteiial blanches had occuned and his fuithei 
conclusion that paienchyma peisists which is in dnect relationship to 
the major blanches of the lenal artei}^ are not borne out by the results 
of the present histologic study or by miciodissection 

In the piesent study the peisistent paienchyma was found to be 
very definitely i elated topogi apincally to those distoitions of the organ 
which peimitted maintenance of the mtegiity of its nephrons exclusive of 
any possible effect of blood supply, and further this aiea of preseived 
nephrons exists m the material studied in a zone at right angles to the 
course of the laiger lenal vessels 

That the examination of the vessels of this mateiial was not neglected 
may be indicated by the fact that they were studied with sufficient 
intensity to support with objective evidence a new geneial concept of 
the organization of the media of the disti ibuting arteries 

26 Oliver, plate V, figs 35 and 37 and text figures 33 and 53 

27 Ghoreyeb, A A J Exper Med 20 191, 1914 

28 Strong, K C Anat Rec 72 151, 1938 
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The edema occurring m the early weeks of obstruction was described 
and discussed by Ponfick ^ and others Infiltration of the obstructed 
kidney by polymorphonuclear leukocytes and round cells is prompt, 
marked and persistent, and, contrary to the experience of Johnson,^® 
no spontaneous nephntis was encounteied in the right kidneys in any 
of the experiments of this study 

The early extensive acute inflammation and marked fibroblastic 
pi ohferation in the peiipelvic tissue have been especially desciibed by 
Helmholz and Field 

Changes in the interstitial tissue as well as epithelial injuiy are 
manifest aftei twenty-four hours’ obstruction, and the degiadation of 
the parenchymal elements and the connective tissue piohfeiation are 
apparently simultaneous and interdependent Thus, unfortunately, no 
light IS shed on the classic dispute between Ziegler and Weigeit, but it 
IS evident that the inflammatory reaction leads to fibrosis and distor- 
tion of the parenchyma m the development of hydronephrosis as it does 
in othei foims of chronic lenal disease The ability of these paienchymal 
elements to lesist molding and loss of continuity due to the develop- 
ing inflammatoiy reaction, if oppoitunity for function is provided, is 
demonstrated by the expeiiments of Boetzel,®®*^ Rautenberg,®® Kawa- 
soye,®^ Johnson and Joelson, Beck and Moiitz They showed that 
after seveial weeks of complete obstruction the pieviously hydronephrotic 
kidney when offeied a chance for physiologic activity is capable of an 
amazing anatomic restitution and when given the stimulus can become 
capable of cai rying the total load of renal function 

Prof Jean R Oliver gave help and advice during the progress ot this work 
Elizabeth Dunn prepared the microscopic sections , Elizabeth Cnzzoi t, the drawings 
of dissected specimens (figs 10 to 42) , Muriel MacDowell, the illustrations of the 
topographic relations, and Steven Montes, the photographs 

29 Johnson, R A J Exper Med 28 193, 1918 

30 Rautenberg, E Mitt a d Grenzgeb d Med u Chir 16 431, 1906 

31 Kawasoye, M Ztschr f gynak Urol 3 172, 1911-1912 
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RETICULOENDOTHELIOSIS WITH LIPOID STORAGE 

A J HruT70G, MD , F G AMtrusoN', MD, \m) G W Brrnr, ]\I D , 

EaU ClAIKl, Wis 

The remarkable activity of the icticuloendothehal s}slem in disease 
lesiilts m a large Aaiiety of anatomic changes These disordeis are 
iistiall} classified as inflammatoi} h}perplasia, neoplasia or abnormal 
hpoid stoiage Gauchei’s disease, Jland-Scluillei -Christian disease and 
Niemann-Pick disease ^\ele foimerly considered disturbances of hpoid 
metabolism but aie now gcneially icgauled as primai} diseases of the 
leticiiloendothehal system For a discussion of these diseases, the 
leadei is lefeiied to the papeis of Foot and Olcott,’ Ritchie and Me}ci,- 
ChevicP and Epstein ' We aie indebted piincipally to Epstein for 
the identification of the lipoids in these diseases In Gaucher’s disease 
one finds the stoiage of a ceicbioside, kciasm, in the spleen, bone 
mairow and lymph nodes In Hand-Schuller-Chiistian disease the 
xanthomas thioughout the bod} contain cholcsteiol In Niemann-Pick 
disease tlieie is widespiead storage of phospholipid 

This lepoit concerns a case of genei aliped Inpeiplasia of the reticulo- 
endothelial system associated with storage of a hpoid, cholesterol It 
piesents ceitam clinical and pathologic features that are not typical of 
either leticuloendothehosis or Pland-Schullei -Christian disease Dr 
E T Bell, of the Unueisit} of Minnesota assisted m the preparation 
of the report 

KCPORT or A CASE 

A 54 3 ear old white man was ivell until the spring of 1938, when he noticed 
a gradual onset of ■weakness and loss of iveight In April 1938 bronchopneumonia 
developed, and the patient ivas admitted to klount Washington Sanatorium There 
was no clinical evidence of pulmonar 3 ' tuberculosis, and the sputum was negatne 
for acid-fast bacilli The red cell count at this time was 1,200,000, with hemo- 
globin 25 per cent (Tallqvist) The patient recovered from the respirator 3 
infection, but the se\ere anemia persisted in spite of intensive liver and iron therap^ 
During the summer of 1938, after the extraction of a tootli, he bled profuselv 
He w'as admitted to Luther Hospital on September 16 because of severe anemia 
On admission his temperature was 98 4 F He w’as undernourished and ver}' pale 
Hie general physical examination gave negative results except for great enlarge- 
ment of the spleen His red cell count was 1,520,000 and the heinoglobni content 
was 4 2 Gm (Salih) The color index w'as 0 91 The total leukocyte count 

From the Luther Hospital, Midclfart Clinic and Mount Washington 
Sanatorium 

1 Foot, N C , and Olcott, C T Am J Path 10 81, 1934 

2 Ritchie, G , and Meyer, O O Arch Path 22 729, 1936 

3 Chevrel, F Ann d’anat path 14 297, 1927 

4 Epstein, E Ergebn d allg Path u path Anat 33 280, 1937 
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was 1,100 A differential count could not be made, as the smear showed only an 
occasional mature polymorphonuclear neutrophil These cells showed toxic changes 
No immaturity was noted The red cells showed poikilocytosis There was no 
evidence of regeneration of red cells The urine showed no abnormal features 
The Kahn flocculation test was negative The patient was given two blood trans- 
fusions together with iron and liver extract but showed no improvement A red 
cell count on September 20 was 1,320,000, with 3 7 Gm of hemoglobin per hundred 
cubic centimeters of blood His white cell count was 400 He giadually giew 
weaker, bronchopneumonia developed, and he died on September 21 The clinical 
impression was that of aplastic anemia of undetermined nature The possibility of 
aleukemic leukemia was considered because of the splenomegaly 

Autopsy — Postmortem examination was done by one of us (A J Hertzog) 
one hour after death 

The bodj Avas 185 cm in length and was well developed but emaciated, it was 
estimated to weigh 130 pounds (59 Kg ) There were petechiae in the skin over 
the abdomen and anterior part of the chest The forearms showed venipuncture 
Avounds Rigor Avas absent There was slight posterior hypostasis There Avas 
grade 3 edema of both feet and ankles Theie was no cyanosis or jaundice The 
pupils Avere equal and measured 6 mm 

The peritoneal cavity contained 250 cc of straw-colored fluid The subcutaneous 
fat had a lemon j'ellow color The peritoneal surfaces Avere smooth and glistening 
The appendix Avas retrocecal and measured 7 cm in length The liver was large 
and extended 5 cm beloAV the costal edge The spleen Avas greatly enlarged 
The diaphragm arched to the fifth rib on the right and to the fifth interspace 
on the left 

The right pleural cavity contained 1,000 cc of cloudy broAvn fluid There 
were fresh adhesions betAveen the lateral surface of the longer lobe of the right 
lung and the Avail of the chest The left pleural cavity contained no fluid or 
adhesions The pericardial sac contained a feiv cubic centimeters of straw-colored 
fluid The Avails appeared normal The pulmonary artery shoAved no emboli 

The heart Aveighed 400 Gm It was pale broAvn and had a peculiar rounded 
appearance The musculature was very flabby The epicardial surfaces appeared 
normal The auricular appendages, endocardium and valves appeared normal 
The septum Avas pale brown and shoAved no streaking The root of the aorta 
appeared normal The coronary arteries shoAved a minimum of sclerosis 

The right lung Aveighed 700 Gm It was purplish gray The consistence of 
the loAver lobe Avas increased The pleural surface Avas coA'ered by fresh 
fibrinous adhesions On section the lung was dark red In the lower lobe of the 
right lung Avere nodular areas of bronchopneumonia The remaining portions 
of the lung shoAved nothing of note except edema There was no evidence of 
tuberculosis The right hilar nodes were greatly enlarged, grayish black and 
rather soft The left lung weighed 650 Gm and Avas mottled gray The con- 
sistence AA'as somcAvhat increased, OAving to partial atelectasis On section it was 
pinkish gray and shoAved slight edema There Avas no evidence of tuberculosis 
The left hilar nodes Avere not enlarged 

The spleen Aveighed 1,100 Gm It Avas purplish blue There was a small cortical 
infarct, measuring 3 cm in diameter The capsule Avas tense, and on section the 
spleen Avas dark red The pulp Avas markedly congested The consistence Avas 
increased 
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A, photomicrograph of a lymph node showing large cells filled with hpoid 
B, photomicrograph of spleen showing clusters of large clear reticular cells 


The esophagus appeared normal The stomach contained a few cubic centi- 
meters of brownish fluid The walls appeared normal The small bowel, colon 
and rectum showed nothing of note The pancreas and adrenals appeared normal 
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The right kidney weighed ISO Gm and the left 175 Gm The capsules 
stripped easily, revealing pale brown smooth surfaces On section the cortex and 
medulla were of normal thickness The pelves and ureters appeared normal 
The bladder contained some straw-colored urine 

The prostate showed grade 1 h>pertrophy The testes appeared normal The 
aorta showed grade 1 atherosclerosis 

The organs of the neck appeared normal The mesenteric lymph nodes were 
greatly enlarged and on section had a pale, soft appearance 

The bone marrow of the shaft of the femur was red and hyperplastic The 
bone marrow of the ribs was red 

The brain and spinal cord were not examined 

Microscopic Obseivaiions — (ff) Lymph Nodes The noinial aichitecture was 
entirely obliterated There was hyperplasia of the reticulum in the form of large 
pale foamy cells {A m figure) When frozen sections were stained wnth sudan 
III, the large cells were found to be filled with droplets of fat of an orange red 
color The fat droplets were stained blue with nile blue sulfate and were there- 
fore interpreted as lipoid Some portions of the nodes showed necrosis with many 
polymorphonuclear neutrophils 

(b) Spleen The splenic pulp was markedly congested The sinusoids w'ere 
dilated The follicles were small and indistinct Throughout the pulp there was 
hyperplasia of the reticulum in the form of clusters of large clear foamy cells 
(-B in figure) The fat droplets in these cells stained easily with sudan III and 
mle blue sulfate 

(c) Liver The liver cord cells contained many large fat droplets as seen 
in extensive fatty metamorphosis In addition, near the portal areas w'ere a 
number of large foam cells similar to those seen in the spleen and lymph nodes 

(c?) Lungs The alveoli contained a large amount of serum and fibrin, together 
with large clumps of bacteria There was complete absence of cellular exudate 
(e) Kidneys The glomeruli, tubules and blood vessels showed no abnormalities 
(/) Thyroid and Adrenals The sections showed nothing of note 
(p) Bone Marrow from Ribs and Femur Sections showed hypoplastic mar- 
row with a few clumps of large foam cells Imprints stained with Wright and 
Giemsa stains showed, likewise, hypoplastic marrow with a deficiency of both 
red cells and granulocytes A number of normoblasts, leukoblasts and myelocytes 
were seen There were no megaloblasts No foam cells could be seen on the 
imprints 

Chemical Analysts — Portions of the lymph nodes and spleen were ground into 
dr> powder An alcohol-ether extract was obtained from each This was tested 
for cholesterol according to the method of Bloor The cholesterol content of the 
Ij mph nodes was 1 71 Gm and of the spleen 1 95 Gm per hundred grams 
Epstein s reported the normal cholesterol content of the spleen to be 062 Gm 
per hundred grams of dry powder 

COMMCKT 

The condition described clearly belongs to that group ot leticulo- 
endothehal disturbances which is associated with pathologic storage of 
Iipoid In clinical course and histologic features it resembles reticulo- 
endothehosis, but in the widespread storage of cholesterol in foam 
cells It beais a striking leseinblance to Hand-Schuller-Christian disease 
Inasmuch as the lattei disease is now regarded as a disease of the 
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reticuloendothelial system, the disease described may be interpreted as 
a transition between Hand-Schuller-Chiistian disease and malignant 
lymphoblastoma of the leticuloendothchal type It may also be inter- 
preted as an atypical form of Hand-Schullcr-Chiislian disease 

It IS to be expected that occasional!} one will encounter a condition 
that presents chaiacteiistics common to moie than one of the recog- 
nized syndiomes Epstein® described a case in which, m addition to 
multiple xanthomas, f i ee cholesterol was scattered tin oughout the brain 
Chevrel ® lepoited a case m which piopcities wcie presented which 
weie common to both Gauchei and Niemann-Pick disease 

SUMM \R'i 

The case is lepoited of a 54 }eai old man in whom fatal aplastic 
anemia developed m association with marked splenomegaly At autopsy 
there was widespicad sioiagc of a hpoid within the cells of the reticulo- 
endothelial system, especiall} of the lymph nodes and spleen This 
lipoid proved to be cholesterol 

5 Epstein, E Virchows Arch f path Anat 298 430, 1937 



RUPTURED DIVERTICULUM OF THE STOMACH IN 
A NEWBORN INFANT, ASSOCIATED WITH 
CONGENITAL MEMBRANE OCCLUDING 
THE DUODENUM 

Henry Brody, M D , New York 

A unique combination o£ anomalies found in a 6 day old infant 
seems to be of sufficient interest to warrant reporting 

Martin^ collected reports of 125 cases of pulsion diverticulum of 
the stomach, occurring from embryonic life to senescence Since then 
a number of other reports have appeared’ No case of lupture of a 
diverticulum has been reported 

Kellogg and Collins^ collected leports of 96 cases of congenital 
duodenal obstruction from the literatuie to 1933 A number of cases 
have since been reported^ Fourteen cases aie similai to the one 
leported here, the obstruction being due to a membrane, complete or 
with fenestration, situated in the region of the entiance of the common 
bile duct 

REPORT or A CASE 

A normal-appearing newborn boy weighing 6 pounds ounces (2,764 Gm ) 
was placed on a formula supplementing breast feeding He took feedings fairly 
well but regurgitated often during the first four days of life He passed meconium, 
followed on the third day by dark brown stool On the fourth day the infant 
became jaundiced On the fifth day he vomited light brown fluid containing blood 
clot His temperature was 101 F The vomiting of blood-tinged fluid continued 
the following day His blood showed 5,700,000 red blood cells and 5,600 white 
blood cells per cubic millimeter The hemoglobin was 144 per cent The differ- 
ential count was normal, with no abnormal cells The platelets numbered 
347,000 The bleeding and the clotting time were within normal limits In spite 
of the normal blood findings, and largely because of a history of “bleeders” in 
the family, a diagnosis of hemorrhagic disease of the newborn was made A 
transfusion of 80 cc was given The infant continued to vomit blood-stained 
fluid, the temperature rapidly mounted to 105 F, and death occurred during the 
sixth day of life 

From the Department of Pathology, Beth Israel Hospital 

1 Martin, L Ann Int Med 10 447, 1936 

2 Hess, J H, and Saphir, O J Pediat 6 1, 1935 Rivers, A B , Stevens, 
G A , and Kirklin, B R Surg , Gynec & Obst 60 106, 1935 Cheney, G , 
and Newell, R R Am J Digest Dis & Nutrition 3 920, 1936 Brown, P W , 
and Priestley, J T Proc Staff Meet, Mayo Clin 13 270, 1938 

3 Kellogg, E L , and Collins, J T Am J Surg 30 369, 1935 

4 Ladd, WE J A M A 101 1453, 1934 Walker, T D , Jr , Falkener, 
W W , and Horsley, J S Virginia M Monthly 62 141, 1935 Bonar, T G D 
Lancet 2 822, 1935 Regnier, E A Minnesota Med 18 60, 1935 Greenblatt, 
A Brit M J 2 840, 1935 Cesans Demel, V Pathologica 27 533, 1935' 
Niosi, G S ibid 28 414, 1936 
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Autopsy — Only the pertinent anatomic findings will be described llie abdomen 
was markedlj distended When the peritoneum was opened, a considerable amount 
of air under pressure escaped Ihe abdominal ca\ily contained about 200 cc of 
parth bloodi, partlj browiiish-bladv fluid and semifluid, somewhat foul-smelling 
material, containing minibcrs of large clots The omentum was rolled and lighlh 
applied transverselj to the anterior abdominal wall, thus confining most of the 
material to the left upper cpiadrant The intestinal loops w'cre cjanotic, and 
the serosal surfaces of the diaphragm, Incr and meseiitcnes were dceplj Inper- 
cmic and in part covered with a thin, uirt\ blown exudate 

When the mass of material was remoeed, there was seen, projecting from 
the left border of the stomach, a thin-w'allcd sac, which after fixation measured 
4 by 3 bj 3 cm The upper border of the dncrticulum was 1 cm below the 
esophageal-cardiac junction, and the dncrticulum extended for 4 cm along the 



Liver raised to show' opened esophagus, stomach and duodenum A w'hite thread 
passes through the perforation m the diverticulum and lies m the lumen of the 
stomach and duodenum, reaching the point of atresia All the structures proximal 
to the atresia are dilated 

greater curvature, reaching a point 5 cm above the pyloric sphincter Along 
the anterior surface of the diverticulum was an irregular rent, of which the ante- 
mortem dimensions could not be determined because of its extreme friability 
After fixation (and with some postmortem tearing) the aperture w'as 2 5 cm 
in the greatest diameter Grossly no muscle could be recognized in the thin 
membrane forming the wall of the diverticulum 

The lower portion of the esophagus was dilated After fixation its diameter 
at the widest point, 1 5 cm above the cardia, was 2 5 cm The stomach was 
moderately distended, the pyloric sphincter relaxed and wide The first portion 
of the duodenum w'as markedly distended In the fixed state its greatest circum- 
ference w'as 4 5 cm Tw'o and five-tenths centimeters below the pyloric sphincter 
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the duodenal lumen became suddenly narrowed, and at the le\el of the ampulla of 
Vater it was completely occluded The common bile Tluct was slightly distended, 
measuring after fixation 2 5 mm in diameter A probe readily passed from above 
to the point of atresia in the duodenal wall but not into the duodenal lumen 
of either the upper or the lower segment However, bile was present below the 
point of atresia, while a chemical test failed to reveal any in the contents above 
The duodenum below the point of atresia was of normal diameter The remainder 
of the small intestine was slightly narrow and contained light green semisolid 
material The large intestine was also of rather narrow diameter and contained 
semisoft material stained light brown and light green The intestinal tract showed 
no other abnormalities 

The bile ducts, except as described, and the gallbladder were normal The liver 
appeared normal, without evidence of bile stasis, Multiple cross sections of the 
pancreas revealed the pancreatic duct not distended but its wall stained a deep 
green The gland appeared otherwise normal 

Mtci oscopic Examtnahon — Sections w'ere taken through the stomach to include 
both normal stomach and a portion of the diverticulum The muscular layer ended 
abruptly, and in the region of the diverticulum there was present only mucosa, 
submucosa and serosa The seiosa was covered with an exudate composed of red 
blood cells, fibrin, necrotic leukocytes and bacteria The underlying submucosa 
was edematous and congested but showed no inflammatory exudate In one section 
the free end of the muscle had pulled away fiom the submucosa to form a small 
protuberance beneath the serosa It had carried with it part of the submucosa, and 
in this region there was some hemorrhage In the same section the mucosa in 
the region of the diverticulum appeared stretched, and further evidence of this 
was the thinning of the muscularis mucosae as the edge of the section was 
approached 

The region of the atresia was studied m serial sections Longitudinal section 
showed that the atresia was due to a membrane made up of double layers of normal 
wall, lying back to back, with some aberrant pancreatic tissue occurring at the base 
and extending for a short distance between the layers of the membrane The 
pancreatic duct and the common bile duct could be traced through this area into 
the lower segment 

The liver showed no evidence of bile stasis 

Several pancreatic ducts contained brown pigment and bacteria No inflammatory 
reaction was present The ducts were not distended There was no change in 
the acinar or islet tissue 

COMMENT 

The pioblem aiises whethei theie is any necessaiy and causal i ela- 
tion between the congenital obstiuction of the duodenum and the divei- 
ticulum of the stomach As Martin ^ pointed out in his paper, the most 
common site for a gastric diverticulum is near the cardiac opening, 
and it IS in this region that the musculatuie of the stomach is most 
pooily developed In the present case the diverticulum is along the 
greatei curvature, somewhat below the caidia It is most probable that 
this diveiticulum is congenital and that it is independent of the atiesia 
of the duodenum It is difficult to believe that the obstruction within 
the duodenum seived to raise the intragastnc piessure during antenatal 
life sufficiently to ha^e produced thinning of the stomach wall and to 
have done so not at a natural point of weakness Busch, “ m a study 

5 Busch, M Frankfurt Ztschr f Path 30 30, 1924 
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of uiptuie of the stomach, pointed out that the usual site of lupture 
IS along the lesser cui*vatuie, close to the cardia Further, such a 
diveiticulum has nevei been lepoited in association with congenital 
obstiuction of the intestine 

However, the dilatation of the duodenum proximal to the point of 
atiesia and the dilatation of the stomach and of the esophagus are eM- 
dence of an increase in pressuie in this poition of the gastrointestinal 
tiact It seems leasonable to assume that the increase started with birth 
and the taking of food How much of a lole antenatal swallowing of 
amniotic fluid and antenatal secietion of digestive juices ma}^ have played 
IS impossible to evaluate It seems probable that the increase in pressure 
was the immediate cause of the rupture of the congenital diveiticulum 
and that this was signaled clinically by the appearance of blood-streaked 
vomitus 

The only mention m the literature of a case in which congenital 
stenosis of the duodenum caused ruptuie proximally is that of Cannon 
and Halpert ° They desci ibed, in an 8^ } eai old girl, partial duodenal 
stenosis caused by an incomplete membrane at the level of the entrance 
of the common bile duct, with hypertrophy of the wall of the stomach 
secondary to the stenosis In the membrane was a shthke oiifice Acute 
obstruction of the lumen was produced by ingested vegetable lea\es 
Rupture of the stomach followed in several hours The luptuie 
occurred 1 to 2 cm from the cardia and was bi ought about by unusually 
vigorous tieatment with irritant enemas of excessive amount 

SUMMARY 

A congenital diveiticulum of the stomach associated with atiesia of 
the midportion of the duodenum is reported Rupture of the diver- 
ticulum occurred on the sixth day of life No previous case of a 
ruptured gastiic diveiticulum has been found lecoided in the liteiature 

6 Cannon, P R, and Halpert, B Arch Path 8 611, 1929 
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University News, Promotions, Resignations, Appointments, Deaths, 
Etc — In the school of medicine of the University of Col oi ado, W C Blaek has 
been promoted to professor and K. T Neuberger to assistant professor of pathol- 
ogy, R M Mulligan has been appointed instructor in pathology and A S 
Lazarus instructor in bacteriology 

C F Graham has been appointed associate professor in the department of 
bacteriology and pathology in Albany Medical College 

Edgar H Norris, professor of pathology in the college of medicine of Wayne 
University, Detroit, has been elected dean of the college 

As provided by recent legislation, Perry J Melnick has been appointed pathol- 
ogist to the cancer diagnosis division of the department of public health of the 
State of Illinois 

C C Bass, dean and professor of experimental medicine in the school of 
medicine of Tulane University, New Orleans, has retired, having reached the 
age limit 

Awards — The Eli Lilly Award of a medal and §1,000 was presented to 
John G Kidd, of the Rockefeller Institute for Medical Research, by the Society 
of American Bacteriologists at its last annual meeting This award is given foi 
outstanding work in bacteriology or immunology by a person under 31 veais 
of age 

At the meeting of the American Society of Tropical Medicine on Nov 21, 
1939, the Walter Reed medal was awarded to William B Castle, professor 
of medicine, Harvard Medical School, Boston, for work on sprue and related 
anemias 

Society News — ^The annual meeting of the Society of American Bacteri- 
ologists was held in New Haven, Conn , Dec 28-30, 1938 This was the foi tieth 
anniversary of the society, which was founded in New Haven Charles Thom, 
in charge of soil microbiology in the United States Department of Agriculture, 
was elected president 

International Salmonella Center — ^This center, established at the State 
Serum Institute in Copenhagen, supplies Salmonella centers elsewhere with the 
cultures and serums necessary for diagnosis Thirty-seven such centers have been 
established These centers will study doubtful cultures of Salmonella without 
any charges The centers in this country are Beth Israel Hospital (Dr F 
Schiff), New York, New York State Department of Health (Dr A B Wads- 
worth), Albany, N Y , University of Kentucky (Dr A R Edwards, department 
of animal pathology), Lexington, Ky 

Microfilm Sets of Periodicals — The Committee on Scientific Aids to 
Learning (President Conant of Harvard, chairman) has made a grant to cover 
the cost of making a microfilm master negative, on the most expensive film, of 
sets of volumes of scientific and learned journals This permits the nonprofit 
Bibliofilm Service to supply microfilm copies at the sole positive copy cost, 
namely, 1 cent per page for odd volumes and Yz cent per page for any properly 
copyable ten or more consecutive volumes The number of pages will be esti- 
mated on request to American Documentation Institute, care of offices of Science 
Service, 2101 Constitution Avenue, Washington, D C 

Legislation for Blood Grouping Tests — Laws providing for blood group- 
ing tests in cases of disputed parentage are now in force in New York, Wis- 
consin, Ohio and New Jersey It has been recommended that laws of this kind 
should include piovision for the payment of experts for their services in such 
cases by the jurisdiction concerned, because in so many instances the men involved 
are unable to pay any fees 
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Abstracts from Current Literature 

To Save Space the Ohiginal Titus or Abstracted ARTiars Sometimes 

Are Shortened 


Experimental Pathology and Pathologic Physiology 

The Earliest Kxown Reeirence to the IIe\rt avd Circli \tion ^V 
Hamburger, Am Heart J 17 259, 1939 

This IS a review of ‘‘tlie earliest known reference to the heart and circulation’ 
as recorded in the Edw in Smith Surgical Papj nis, of about 3,000 B C 1 he paper 
IS of interest because it illustrates “how verj distant and far reaching arc the root' 
of our knowledge in the biological sciences ’’ 

Efeects of Dipiithiria Tonix on thl III \RT R W Bov'le, C II McDonaid 
and A F DeGroat, Am Heart J 18 201, 1939 

The hearts of 7 dogs which had been given var 3 ing doses of diphtheria to\in 
were studied with respect to electrocardiographic behavior, distribution of glv cogen 
and pathologic changes The electi ocardiographic changes noted consisted of 
various degrees of block and abnoimalitics of the T wave Parenchymatous 
degeneration of a mild dcgiee was invariablj present The most characteristic 
change was the presence of hj aline streaks scattered through the muscle fibers 
Glj'cogen — taking the heart as a whole — showed a 10 per cent rise in the hcaits 
of dogs given a slowly lethal injection of diphtheria toxin A rise was noted in 
the two atria and the two ventricles, and no change in the septum A quickh 
lethal dose failed to produce anj' effects on cardiac glj cogen In view oi the 
inci eases in cardiac glycogen which occur during starvation and of the self-imposed 
starvation (anoiexia) always present in severe diphtheritic toxemia, it is suggested 
that the moderate rise encountered in such cases is the result of starvation rather 
than of any specific effect of the diphtheiia toxin on cardiac glj'cogen 

From Authors’ Summvrv 

Mineral Appetite or Paratiivroidectomi/i d Rats C P Richter and J F 
Eckert, Am J M Sc 198 9, 1939 

Parathyroidectomized lats showed a markedly inci eased appetite for solutions 
of calcium salts (lactate, acetate, gluconate and nitrate) and an av^ersion toward 
a solution of disodium phosphate (dibasic sodium phosphate) Parathyroidectomized 
rats also showed an increased appetite for solutions of strontium and magnesium 
salts These results agree with present knowledge concerning the disturbance of 
calcium and phosphorus metabolism following parathyroidectomy The deci cased 
mortality and the alleviation of symptoms of deficiency in parathyroidectomized 
rats given access to solutions of calcium salts add further evidence that rats hav'e 
an ability to make selections conducive to their well-being 

From Authors’ Summary 

Effect of Diet on Nephritis in Rats J E Smadel and L E Farr, Am J 
Path 15 199, 1939 

In rats of the so-called Whelan strain the chronic nephritis which follows the 
administration of antikidney serum can be markedly influenced by isocaloric diets 
containing different proportions of protein and carbohydrate 

From Authors’ Conclusions 
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Experimental Production of Neutropenia with Aminopyrine E M Butt, 
A H Hoffman and S N Sole, Arch Int Med 64 26, 1939 

It has been shown in these experiments on dogs that aminopyrine has a toxic 
effect on the bone marrow when administered orally in large doses The end 
result is one of severe aplasia of the marrow rather than of hyperplasia with 
“maturation arrest ” Neutropenia was noted in 1 of the 2 dogs having markedly 
aplastic bone marrow A summary of the literature on the experimental produc- 
tion of malignant neutropenia is presented Authors’ Sumaiary 

Causes of the Cessation of Growth of Fibroblasts in Embryo Juice L E 
Baker, J Exper Med 69 625, 1939 

Experiments designed to ascertain the reason for the cessation of growth of 
cardiac fibroblasts when they are cultivated in a plasma coaguluni with embryo 
juice as nutrient fluid have shown that it is due, first, to the gradual removal of 
serum from the coagulum and, second, to an insufficiency of embryo juice In a 
medium containing embryo extract at 66 per cent concentration and serum at 
8 per cent concentration growth continued until the entire coagulum in a 3 5 cm 
flask was covered with tissue The serum is needed to furnish additional nutri- 
ment and also to prevent digestion of the coagulum 

From Author’s Summary 

Enhancing Effect of Azoproteins on Lesions A Claude, J Expei Med 
69 641, 1939 

It IS known that solutions of azoproteins, like testicular extiacts, possess the 
pioperty of causing particles to spread through the dermis The piesent work 
shows that azoproteins exhibit, like testicular extracts, the power to increase the 
size of the lesions caused by virus in the skin of rabbits and the size of tumors 
in chickens The results indicate that the extent of the lesion is roughly pro- 
portional to the spreading power of the solution This suggests that the soread 
of the infective material over a larger area of skin is directly responsible for the 
enhancing effect The production of extensue lesions by means of spreading 
agents may have a practical value when large amounts of working material are 

From Author’s Summary 

Experimental Study or Atrophy or Tissues and Organs G Cavalli, Ann 
d’anat path 13 691, 1936 

In three groups of rabbits (1) the renal artery, (2) the renal vein and (3) 
both the artery and the vein were ligated on one side, and the subsequent changes 
were studied histologically at weekly intervals At first there was marked swelling 
of the kidney, especially when the renal vein alone was tied, due to edema and 
interstitial hemorrhage Shrinkage then began, and the kidney became progies- 
suely smaller and firmer At the second week marked degeneration of the tubular 
epithelium was seen, followed by resorption of necrotic material and organization 
of the kidney by appearance of granulation tissue and proliferation of connective 
tissue Many small newly formed blood vessels were seen, apparently derived 
from collateral sources, i e , capsular, adrenal, ureteral and lumbar branches 
There were no regenerative processes In the third week fibrosis was advanced, and 
metaplastic bone formation began Possible reasons for the occurrence of meta- 
plastic ossification are advanced The article also contains a historical survey of 
the subject of ligation of renal vessels j Melnick 

CojiPARATivE Study of Pulmonary Lesions of Nervous Origin J Tinel 
G Ungar and J Brincourt, Ann d’anat path 13 898, 1936 

The lungs of dogs and rabbits were examined after section and after section 
plus electrical stimulation of the vagus nerves, phrenic nerves and carotid sinus 
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Section of the ^agus ner\cs c\en without electrical stimulation, resulted in a pic- 
tuie resembling bilateral bionchopneumoiiia, with hepati/ation and with the 
presence of an abundant cellulai exudate in the alveoli Electrical stimulation of 
the phrenic nerves or of the posteiior ctr\ical nerve roots or of the carotid sinus 
resulted in marked edema and h}peremia of the alveolar walls and extravasation 
of red cells, a picture lescmbling hemoirhagic infarcts It is suggested that the 
nervous sj'stem maj play a lole in the production of pulmonary edema and con- 
gestion, pneumonia and pulmonai \ infarcts p, j JjIelnick 

Nephrogemc Ostlodystrophv E Rutishauser, Ann d’anat path 13 999, 
1936 

By inserting many glass needles or copper wnres into the kidneys of rabbits 
Rutishausei w'as able to produce chionic nephritis of a type wdiich causes a dis- 
turbance of calcium and phosphorus metabolism and results in osteodystrophv 
resembling ion Recklinghausen’s osteitis fibrosa Ten rabbits were used One 
of these is described in detail as an example Before operation the blood calcium 
was 113 and the blood phosphorus 64 mg per hundred cubic centimeters Ninetj 
days later the figures w'ere 16 7 and 4 5, and one hundred and thirty-eight dajs 
later, 169 and 6 2, lespectuely One hundred and forty -nine dajs aftei operation 
the rabbit died in a state of emaciation At autopsi”^ there was found chronic cica- 
trizing nephritis about the glass needles Calcium deposits (calcium “metastases”) 
were found in the renal tubules, stomach and lungs (i e , in areas w'herc there 
W'as local alkalosis consequent to the excretion of acid substances) The bones 
were found partially decalcified, and the micioscopic picture was that of osteitis 
fibiosa The parathyroid glands were somewhat hj pertrophicd 

Perry J Melnick 

Origin of Obliterating Arteritis and Its Production Foilow'ing Repe/ted 
Grafting of Adrenal Glands R Lerichl and F Froehlicii, Ann d’anat 
path 13 1039, 1936 

Adrenal glands were lepeatcdly grafted into 5 rabbits, from 6 to 40 giafts 
were performed over periods ^arJlng from tw'enty-seven days to six months and 
seven days In all of these animals changes w'cre found in the arteries on micro- 
scopic examination These changes consisted chiefly of marked thickening and 
hypertrophy of the intima and media, leading to stenosis and sometimes to com- 
plete obliteration of the lumen The findings in each of the 5 animals are 
described in detail The authors conclude that the adrenal gland exerts an influ- 
ence in the production of obliterating arteiitis Perry J Melnick 


Pathologic Anatomy 

Cerebral Vascular Disease Accompanying Sickle Cell Anemia W H 
Bridgers, Am J Path 15 353, 1939 

A study of 2 patients W'lth sickle cell anemia (the first was an adult 
and the second a child) has show'n that the disorder may first become manifest 
through the appearance of signs and symptoms indicative of cerebral vascular 
disease The clinical features in such patients lead to the diagnosis of either 
cerebral vascular thrombosis or intracranial hemorrhages The pathologic changes 
seen in the first of the patients establish the fact that in sickle cell anemia the 
large subarachnoid cerebral arteries may undergo gradual obliteration with final 
complete closure through the operation of a process identical with that which 
results in occlusion of the splenic arteries This process is one of endarterial 
intimal proliferation and not of thrombosis In the second patient autopsy showed 
that another vascular process, quite different from endarterial intimal proliferation, 
also occurs in sickle cell anemia This process develops in connection with the 
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small intracerebral vessels and may result in multiple focal necroses and hemor- 
rhages in the brain, in contrast with the large infarcts that characteiize the pio- 
hferative obstructive process in the larger arteries The nature of this second 
process is not clear From Author’s Summary 

Pathologic Changes Following Therapeutic Hyperthermia L Lichten- 
stein, Am J Path 15 363, 1939 

A desciiption is given of the changes observed at autopsy in a case of uncon- 
trollable hyperpyrexia (109 F) ensuing on hyperthermia treatment for arthiitis of 
the finger joints The hyperpyrexia (which developed in the couise of the third 
of a series of treatments) was associated with coma and respiratoiy failure, and 
the patient died about twenty-five hours after the fever was initiated In this case 
the significant pathologic changes were (1) multiple punctate hemorrhages and 
necrobiosis in the gray matter of the cerebral cortex, (2) hemorihage in the left 
internal capsule, (3) thrombosis of venules and capillaries in the cerebial cortex 
and internal capsule, (4) cerebral congestion and edema, (S) infarction of the 
kidneys and spleen, (6) marked hepatic degeneration and edema, and (7) pul- 
monary congestion, hemorrhage and edema The changes found in this case have 
been correlated with, and discussed in relation to, those in 9 cases previously 
recorded in the literature Certain of the changes seen in the case reported here, 
notably the vascular lesions, have not hitherto been described in connection with 
fatalities following fever theiapy Specifically there seems to be no previous 
description of the thrombosis of venules and capillaries in affected portions of the 
brain and of the infarcts in the kidneys and spleen apparently due to focal necroses 
of small arterial branches in these organs The principal complications and 
sequelae of hyperthermia — especially its effects on the brain, blood vessels and 
liver — are indicated Attention is also drawn to the fact that the reactions to 
therapeutic hyperthermia are sometimes serious even when they are not fatal 

From Author’s Suaimary 

Myocardial Infarction Without Significant Lesions or the Coronary 
Arteries H Gross and W H Sternberg, Arch Int Med 64 249, 1939 

Fifteen cases of myocardial infarction without demonstrable occlusion of the 
coronary arteries were studied Arteriosclerosis of the coionary arteries was 
minimal In 1 case all the major vessels were sectioned serially A variety of 
physiologic mechanisms which might account foi myocardial damage in the absence 
of vascular occlusion is outlined These may be (1) mechanical, (2) reflex or 
(3) humoral Mechanical factors include temporary falls in intraaortic blood 
pressure, tachycardia, phasic variations of the coronary flow and cardiac hyper- 
trophy Changes either in the number of formed elements or in the viscosity of 
the blood, such as are seen in anemia and polycythemia, are contributory factors 
Reflex factors may produce anoxia of the myocaidium from failure of adequate 
compensatory dilatation of the coronary arteries or from coronary constriction 
The stimuli for these reflexes may arise either in the heart and its associated 
structuies or in other parts of the body Humoral factors and possibly other 
agents, including acetylcholine, epinephrine and pitressin, also alter the caliber of 
the coronary arteries The presence of hypertension in 13 of the IS cases is of 
great interest Vasoconstrictor phenomena are common in hypertension, and it is 
conceivable that extreme coronary vasoconstriction may have played a role The 
underlying cause of the anginal seizure, whether tiansitory or associated with 
myocardial infarction, is ischemia of the myocardium Similarly, the electro- 
cardiographic changes in both instances are also the result of mj-ocardial ischemia 
The duration of ischemia will determine whether the cardiographic and myocardial 
changes are reversible or not Though the tjpe of case reported is infrequent, it 
is nevertheless of importance, since similar physiologic factors must also play a 
role in many cases of ordinary coronary disease and myocardial damage 

From Authors’ Suai.mart 
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Histologic Changes in the Nervous System in Cases or Peptic Uicer 
A R VoNDERAHE, Alch Ncurol & Psychiat 41 872, 1939 

The effect of peptic ulcer (duodenal, gastnc or both) on the brain or vice 
veisa was investigated bj Vondciahc on extensive clinicopathologic material In 
the 14 cases of peptic ulcer studied, hemorrhages, frequently punctate, vere found 
in certain areas of the diencephalon (thalamus, hypothalamus) and m the dorsal 
motor nucleus of the vagus nerie, usually on one side Control studies of llie 
diencephalon (m cases of malignant hypertension, puerperal septicemia, paresis, 
carcinoma of the lungs and diabetes mellittis) disclosed no evidence of hemorrhages 
into the afoi ementioned regions, though such hemorrhages were found in associa- 
tion with other conditions, especially irritative disease of the abdominal viscera 
and peritoneum and, in some cases, diabetes melhtus On the whole, hemorrhages 
in specific areas of the thalamus and hypothalamus are, according to Vondcrahe, a 
consistent obsenation in cases of peptic ulcer The medulla was investigated in 
a variety of pathologic conditions (disease of the heart, kidnejs, lungs and other 
organs), and neither hemorrhages nor diapedesis was found to occur in the motor 
nucleus of the vagus nerve Only m the presence of peptic ulcer were punctate 
hemorrhages disclosed with regularity in this nucleus In 20 per cent of cases 
of tumor of the brain there was evidence of incipient or well advanced gastro- 
intestinal ulceration, and in 11 of 56 cases of gastrointestinal ulceration gross non- 
neoplastic lesions of the brain and the meninges were present The hemorrhages 
are supposed to be due to ^asomotor alterations m the cerebral blood ^cssels as 
the result of implication and excessive stimulation of the Msceral afferent com- 
ponents of the vagus and sympathetic nerves George B Hvssin 

Histologic Study or Osler’s Nodes L Cornil, M Mosinger and A X Jouve, 
Ann d’anat path 13 675, 1936 

The authors made a histologic study of a subcutaneous rheumatic node remo\ed 
twenty-four hours after its appearance The essential finding was an lnJur^ of 
the endothelium of the smaller blood vessels Swelling, vacuolation and some- 
times necrosis of the endothelium were seen, with occasional secondary throm- 
bosis Usually, however, proliferation of the endothelial cells occurred, sometimes 
sufficient to occlude the lumen Necrosis about the blood ^essels and marked 
cellular infiltration of the adventitia were also seen Bacteria were not found 
The authors do not believe that these lesions are embolic but consider them as of 
toxic or h}''perergic origin, and they compare them to Fraenkel’s nodules in typhus 
fever and to the rose spots of typhoid (The descriptions and photomicrographs 
give the impression, in the light of recent concepts regarding the nature of 
rheumatism and in view of the work of Rossle, Klinge and many others, that these 
lesions should probably be considered as allergic granulomas ) 

Perry J Melnick 

Cytology of the Vascular and Mesenchymal Lesions in Typhus Fever 
and Their Significance E Craciun, Ann d’anat path 13 817, 1936 

In typhus fever the cutaneous nodules, which occur about the arterioles in the 
reticular layer of the dermis, first described by Fraenkel, have a specific histologic 
development This consists m an endothelial injury (sometimes necrosis and 
sometimes proliferation and desquamation into the lumen), followed by a histio- 
cytic infiltration of the wall of the blood vessel and of its adventitia The 
specific character of Fraenkel’s nodules has been confirmed by many In this 
article Craciun, on the basis of a study of the observations made at 22 autopsies, 
concludes that this same specific character is found in the visceral lesions of 
typhus fever also He gives a detailed description and discussion of the visceral 
lesions Perry J Melnick 
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Anatomic Study of Interstitial Aneurysms of the Lung M Delhomme 
and M Iglesias y Betancourt, Ann d’anat path 13 961, 1936 

Of 4 cases of pulmonary tuberculosis m which death followed hemoptysis and 
in which an autopsy was made, 3 were studied in detail The lungs were lound 
to contain large hematomas enclosed in cavities These cavities, however, had 
all the characteristics of aneurysms, having lamellar layers of fibrm at the periphery 
and afferent and efferent vessels The authors present a theory of formation of 
these interstitial aneurysms on the basis of caseous involvement of a blood vessel 
with weakening of part of the wall and formation of an aneurysm 

Perry J Melnick 

Centers or Origin and Modes or Development of Venous Thrombosis of 
THE Lower Extremity R Neumann, Virchows Arch f path Anat 301 
708, 1938 

In 165 consecutive necropsies the venous system was thoroughly examined for 
thrombosis Special attention was paid to the veins of the lower extremities, 
and the observations form the basis of this report Eighty-four of the subjects 
were women Eighty-one were men The youngest was 17 years old, the oldest 
88 Thrombosis was detected in 100 of the 165 subjects The localization was 
as follows plantar region, 71 per cent, internal malleolar region, 17 per cent, 
leg, 87 per cent, thigh, 22 per cent Thrombosis limited to the veins of the thigh 
alone was not observed Great importance is attached to the fact that the mal- 
leolar vesels, which connect the veins of the foot and the leg, were so infrequently 
involved even when both the plantar and the leg regions were seats of throm- 
bosis This leads to the conclusion that there are two independent centers of 
origin of thrombosis in the veins of the lower extremity one in the plantar 
region, the other in the leg region Two clinical types are recognized, depending 
on the center of origin (1) a benign type, which has its center of origin in the 
veins of the leg and which is characterized by slow progression, an incidence 
that increases progressively with age and a tendency toward the occurrence of 
multiple nonfatal emboli in the lung, (2) a malignant type, which has its center 
of origin in the plantar region and is characterized by rapid progression of the 
thrombosis, occurrence at earlier ages, with no increase with age, and a tendency 
toward fulminating fatal embolism of the lung In both types the source of 
emboli is a thrombus that has progressed to the veins of the thigh In progres- 
sive ascending thrombosis segmentation results where ligaments, tendons and the 
like cross over veins In thrombosis three factors are recognized (1) a prepa- 
ratory factor, usually endovascular, (2) a precipitating factor, which may be 
vascular, endovascular or perivascular, and (3) a localization factor, which is 
usually perivascular q ^ Schultz 

Adaptive Changes in the Cranium in Relation to Brain Growth J 
Erdheim, Virchows Arch f path Anat 301 763, 1938 

This article, written in Erdheim’s lucid style, had evidently been completed 
before his death He describes in detail the changes that occur in the skull in 
its growth and in its adaptation to the brain from fetal life to old age It is 
constantly in a state of flux, which makes of the cranium a plastic structure in 
spite of its osseous nature Three processes are interrelated and are in constant 
interplay with each other These Erdheim terms Anbau, Abbau and Umbau, 
words that do not lend themselves to translation into single terms They might 
be translated as “construction, or building,” “destruction, or absorption,” and 
“reconstruction, or rebuilding,” although these words do not quite express the 
shades of meamng of the original In these processes the dura, the epicranial 
periosteum and the endosteum of the diploe play a part As the internal surface 
of the bone is resorbed by the dura, new bone is laid down by the diploe and 
epicranium Increase in the size of the cranial cavitv is not a simple matter of 
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expansion and growth of bone at the suture lines but a progressive rebuilding, 
so that the inner and outer tables and the diploe occupy a position rclativch 
distant from that which they had in earlier life Increase in the area of the 
flat bones occurs by a similar process of resorption and new formation of bone 
at the suture margins Resorptive and reconstructive changes induced by the 
dura lead to modeling of the internal surface of the cranium The rate at which 
the various processes proceed vanes, and at times growth ceases, resulting in 
the formation of lines of cessation of growth, to which Erdheim had attached 
importance in previous communications That the inner surface of the cranium 
IS not modeled or molded to correspond to the sulci and con\olutions of the sur- 
face of the brain is due to the fact that the pia-arachnoid w'lth its subjacent fluid 
forms a smooth envelop which protects the dura against the apparent inequalities 
of the cerebral surface Having established what he considers the normal course 
of events, Erdheim proceeds to discuss in three final sections three pathologic 
states m the light of his concept In senile hyperostosis the volume of the cranial 
cavity must decrease to accommodate itself to the shrinking senile brain An 


increase in the quantity of subdural liquid plays a part, but appositional bone 
formation by the dura is more important Next the changes m the skull asso- 
ciated with increased intracranial pressure are described, especial attention being 
paid to the reconstructive alterations that occur when the pressure is permanently 
restored to normal by removal of the cause of the increase in pressure The 
final section is devoted to Luckcitschadcl, in which the cranial juga are greatly 
increased and thickened and the digitate impressions are correspondingly widened 
and the bone over them thinned, to such a degree that perforation of the skull 
may occur It appears that Erdheim had contemplated a study along similar 


lines of other pathologic changes in the cranial bones 


0 T Schultz 


Microbiology and Parasitology 

Virus Pneumonia of Infants Secondary to Epidemic Infections E W 
Goodpasture and others. Am J Dis Child 57 997, 1939 

Five cases of a hitherto undescribed virus infection of the lungs of infants, 
which develops especiallj' following measles and whooping cough, are recorded 
The virus invasion usually appeared to be secondary and tended to paie the wai 
for bacterial infection of the lungs The presence of the virus was indicated bi 
the occurrence of nuclear inclusions in epithelial cells of the trachea and bronchi 
and their mucous glands and in the alveolar epithelium The affected cells rapidlj 
became necrotic, with resultant ulceration of surfaces The virus appeared to be 
different from that of herpes simplex and from the agent of the so-called inclusion 
disease of infants Experimental inoculation of the infected lung tissue into labbits, 
mice, opossums, chicken embryos and a Macacus rhesus monkey failed to establish 
the infection From Authors’ Summari 

Reaction of Killed Tubercle Bacilli C T Olcott, Am J Path 15 287, 1939 

When heat-killed tubercle bacilli are injected into the peritoneal cavities of 
rabbits, tubercles and tuberculous tissue form more quickly and become more 
advanced in animals that have received preliminary intracutaneous oi subcutaneous 
injections of killed tubercle bacilli The difference is greatest three or four weeks 
after the intrapentoneal injection of the bacilli, when the lesions in prepared and 
in control animals are at their height After five weeks no difference in the two 
groups IS evident, and later the lesions in both regress The extent of tuberculous 
lesions is greater m the prepared animals, which are both immunized and sensitized, 
than in their controls, but there is no close correlation between sensitization as 
measured by the tuberculin reaction and the extent of the tuberculous lesions 
Heat-killed tubercle bacilli cause necrosis with the characteristics of caseation 
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both in control (unprepared) animals and in those that have received preparatory 
injections, but this type of lesion is more frequently found in the latter Caseation 
IS in general more advanced in sensitized animals, but there is no exact correlation 
between sensitization and caseation When killed tubeicle bacilli have been 
injected into the peritoneal cavity, tubercle-like nodules composed of epithelioid 
cells are often found in the retrosternal lymph nodes, spleen, liver and lungs of 
both immunized and control animals Pkqm Author’s Summary 

SuBAXiLLARY Gland Virus OF GUINEA PiG C T RosENBUSCH and A M 
Lucas, Am J Path 15 341, 1939 

There is some evidence that young guinea pigs are more resistant to the action 
of the submaxillary gland virus than full-grown animals of the same stock 

From Authors’ Summary 

Industrial Dusts and the Mortality from Pulmonary Disease A J Lanza 
and R J Vane, Am Rev Tuberc 39 419, 1939 

Early studies of occupational mortality focused attention on dust as a cause 
of respiratory diseases Virtually all kinds of dusts weie implicated Present 
day studies point to the serious damage of lung tissue caused by a few dusts, 
notably silica and asbestos, and to the relatively little damage caused by many 
other dusts Yet only qualified general conclusions are permitted except for 
sihca The death rate from tuberculosis among occupational groups who are 
freely exposed to silica so far exceeds those found for other gioups as to leave 
little room for doubt that silica is implicated With regard to American mortality 
from silicate and other inorganic dusts not containing free silica, data are meager 
The effects of aluminum oxide, silicon carbide and other substances used in 
manufactured wheels are slight British data show lower than average mortality 
from tuberculosis up to the age of 35, but substantially higher mortality from 
this disease after the age of 45, for a group of men exposed to inorganic dusts 
other than silica dust The relationship between the inhalation of dust and acute 
pulmonary disease remains a field for further investigation j Cqrper 


Blastomycosis D B Martin and D T Smith, Am Rev Tuberc 39 488, 1939 


American blastomycosis is a distinct clinical entity, caused specifically by 
Blastomyces dermatitidis Two types of infection caused by this fungus are 
recognized clinically (a) cutaneous blastomycosis, a chronic or subacute ulcerat- 


ing process, usually responding to treatment with iodides or radiation, and (b) 
systemic blastomycosis, a highly fatal disease, characterized by pulmonaiy infec- 
tion and widespread distribution of lesions The disease is more common in 
males The serum of heavily infected patients discloses the presence of antibodies 
In some patients a condition of hypersensitiveness to the fungus develops, which 
diminishes in the terminal stages of the disease The degree of hypersensitiveness 
can be estimated by cutaneous tests and is materially reduced by repeated injec- 


tions of minute doses of heat-killed vaccine In some cases potassium iodide is 
curative, but it is a dangerous drug to administer to patients allergic to the fungus 
In systemic blastom) cosis iodide therapy should be started only after the state of 
hypersensitiveness has been excluded by cutaneous tests or artificially reduced by 
therapeutic injections of vaccine H J C 


Experimental and Clinical Granuloma Inguin ale R B Greenblatt, R B 
Dienst, E R Fund and R Torpin, JAMA 113 1109, 1939 

Granuloma inguinale was experimentally reproduced in 3 human beings but 
failed to develop in 1 It failed to develop m laboratory animals in spite of 
repeated attempts to reproduce it When the disease was reproduced the course 
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was comparable in every way to that of the spontaneous type Donovan bodies 
were recoveied to the exclusion of other organisms from the pseudobuboes that 
developed in the 3 patients The incubation period could not be determined, 
however, the classic picture of the disease was complete in about fifty days This 
is the first instance in which granuloma inguinale was experimentally produced 
in a human being by the use of an exudate which contained only the Donovan 
bodies and no other demonstrable organisms 

The pseudobubo that so frequently follows a primary focus on the external 
genitalia is not adenitis per se but a subcutaneous granuloma Histologic studv 
of regional and underlying lymph nodes revealed onl} moderate endothelial hvper- 
plasia However, of 2 patients Donovan bodies were demonstrated in the under- 
lying cervical and inguinal lymph nodes in one, who also had extragenital involve- 
ment, and in one regional inguinal node in the other Such observations prove 
that the Donovan body can and does travel bv waj of the Ivmphatics The 
hypothesis is presented that Donovan bodies may reach the Ivinpii nodes, where 
temporar}’’ though mild focal icactions with perilymphadenitis occur During this 
process Donovan bodies may reach the papillae and coriiim of the ovtrhiiig skin 
and set up a subcutaneous granuloma Here the process mav be subacute, result- 
ing in a subcutaneous abscess, or may be chronic and a massive granulomatous 
tissue causes the overlying epidermis to bulge — hence the pscudobubo, for prior to 
lupture and the burgeoning of the typical raised grainilatioiis it simulates the 
bubo of the othei venereal diseases 

The nature of the Donovan bodj' remains an enigma to most students of the 
subject Contrary to the manj- reports on the isolation and culture of an organism 
comparable to the Donovan body, it is doubtful whether the causal agent of 
granuloma inguinale has ever been cultivated Such cultiv’atcd organisms on 
inoculation into human beings hav'c failed in every instance to reproduce the dis- 
ease The method of reproduction in mononuclear endothelial cells and the grow tli 
requirements of the organism as well as the clinical behavior of the disease lead 
the authors to assume that the Donovan body is a spoiozoan 

From Authors’ Sumviarv 

AIode or Action of Sultanilaaiidc on Streptococcus F P Gav and others, 
J Exper Med 69 607, 1939 

The precise mode of the therapeutic action of sulfanilamide on the streptococcus 
can be arrived at only by considering the sum total of factors that inhibit or favor 
the natural growth of the micro-organism under the experimental conditions that 
obtain, whether in vivo or in vitro Conclusions too sweeping have been drawn 
from the study of a single variable factor, such as an unfav'orable temperature or 
the absence or the presence of peptone Gay and his co-workers have attempted 
here to analyze the factors that have hitherto been recognized and some new ones, 
but particularly the relationship of these factors to one another The result 
obtained on adding sulfanilamide to a culture of the streptococcus in a test tube 
is usually bactenostasis and not complete destruction of even small numbers of 
the bacteria This is on the condition that the suspending medium is one that is 
favorable to the growth of the micro-organism, the more growth-promoting the 
medium is the less the bactenostasis If, on the other hand, the medium is too 
poor or IS one that in itself inhibits growth, the addition of sulfanilamide may lead 
to sterilization of the culture The conditions for growth of the streptococcus in 
the body of the rabbit or the mouse depend on the strain of bacteria used, but are 
on the whole favorable Defense, however, in the form of phagocytosis by both 
polymorphonuclear and mononuclear cells is attempted even in the susceptible 
animal When sulfanilamide is used to treat such an animal, or when sulfanilamide- 
grown (inhibited) streptococci are employed, phagocytosis is pronounced, whether 
studied in the test tube or in the animal body In the rabbit the delay in strepto- 
coccic activity in the presence of sulfanilamide and the resultant increase in phago- 
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cytosis by polymorphonuclears allow mononuclear cells to accumulate, and recovery 
may result Sulfanilamide not only does not completely destroy the streptococcus 
but does not even impair its innate virulence It acts on the streptococcus not 
only by inhibiting growth but by temporal ily inhibiting the formation of hemo- 
toxin, but only under certain conditions The drug does not neutralize hemotoxin 
already formed No significant effect of sulfanilamide on the formation of leuko- 
cidin or fibrinolysin by the streptococcus has been evident in these experiments 
Sulfanilamide differs in one important respect from other drugs that are destructive 
of protozoa and bacteria either in the test tube or m the body Protozoa fix or 
adsorb arsenicals and acriflavine, which kill them variably in vitro and in vivo 
Streptococci fix both gentian violet and acriflavine, which have marked destructive 
action in the test tube but are less effective in vivo Sulfanilamide is not dimin- 
ished at all by contact in vitro with large masses of streptococci, nor does its 
action render these streptococci more capable of absorbing gentian violet or acri- 
flavine than untreated streptococci, to be destroyed by those highly bactericidal 
substances From Authors’ Conclusions 

Bactericidal Agent trom Soil Bacillus R J Dubos, J Exper Med 70 1, 

11 and 249, 1939 

A gram-positive, spore-bearing aerobic bacillus capable of lysing the living 
cells of many gram-positive microbial species has been isolated from soil Cultures 
of this bacillus in peptone mediums release during autolysis a soluble agent which 
exerts a bactericidal effect on all the gram-positive micro-organisms so far tested 
and inactivates their dextrose dehydrogenases It also inhibits the growth of the 
susceptible species in culture mediums Several of the gram-positive species when 
incubated with the bactericidal agent undeigo lysis It appears, however, that the 
lysis IS only a secondary process, due to the autolytic enzymes of the susceptible 
cells, and that it follows on soi e other primary injury caused by the active agent 
The bactericidal agent is ineffective against all the gram-negative bacilli so far 
tested 

Dubos and C Cattaneo show that the same agent protects white mice against 
infection with large numbers of virulent pneumococci It also exerts a curative 
effect when admmistered to mice several hours after injection of the infective 
organisms The minimal effective dose of the bactericidal agent and the degree 
of protection afforded are approximately the same for all virulent pneumococci, 
irrespective of type specificity The bactericidal agent is entirely ineffective against 
infection with virulent Friedlander bacilli (type B) This agrees with the fact that 
the agent does not affect gram-negative bacilli in vitro The protective action 
exerted by the bactericidal agent against experimental pneumococcic infection 
depends on the same mechanism which determines its bactericidal effect in vitio 

A cell-free extract of cultures of an unidentified soil bacillus which exerts a 
bactericidal effect on gram-positive micro-organisms has been described in previous 
reports, the first active preparations which were obtained were found to contain 
a protein precipitable at pH 4 5 In the present report it is shown that the bac- 
tericidal agent can be obtained in an active form free from protein The purified 
preparations retain all the activity of the original material, both m vitro and in vivo 

From Author’s Summaries 

A Type of Group A Hemolytic Streptococcus Which Fails to Form Per- 
oxide A T Fuller and W R Maxted, Brit J Exper Path 20 177, 1939 

Fuller and Maxted note that previous observations on the formation of peroxide 
by hemolytic streptococci have been without reference to the group or the type of 
the strain They show that all known types of hemolytic streptococci of group A 
form peroxide except type 3 It is remarkable that strains of the latter type, which 
produce no peroxide m aerobic culture, are inhibited by catalase in the medium 
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The Size or the Virus or LYAirHoc\Tic Choriomeningitis as Determined 
BY Ultrafii tration and Ultracentrieug \tion T F M Scott and W J 
Eleord, Brit J Expcr Path 20 182, 1939 

Scott and Elford have sought to determine the particle size of tlie infcctne 
agent of lymphocytic choriomeningitis as it evists in broth extracts of infected 
mouse brain The evidence furnished by the two methods applied, nameh, ultra- 
filtration and centrifugation analjsis, has indicated the probable diameter of the 
virus to be 40 to 50 microns 


Miliary Tuberculosis in the Pancreas or Chiidren H W Sachs, Frank- 
furt Ztschr f Path 51 63, 1938 

Prompted by Ghon, Sachs examined 20 cases of generalized miliary tubercu- 
losis in order to see if there were changes in the pancreas The histologic exam- 
ination by serial sections showed that in 70 to 84 per cent of the cases miliary 
tubercles were present in the pancreas Most of the tubercles were found in the 
peripheral portions of the pancreas and in the head of the pancreas 

Otto Svehir 

Laboratory Cases or Weil’s Disease A Welcker, Zentralb! f Bakt (A.bt 1) 
141 400, 1938 

Welcker discusses the problem of laboratory infections by Leptospira ictero- 
haemorrhagiae He summarizes the literature dealing w'lth such accidents and 
cites numerous leports of cases in which workers have inoculated themsehes 
accidentally with a syringe or ha^e been bitten by rats He also emphasizes the 
fact that w'lthin recent years these spirochetes ha\e been found in healthy white 
rats and that several cases of infection from the handling of these animals ha^c 
been reported No original data are given inasmuch as the paper is essentially a 
summary of the problem and is meant to serNC as a w'arning to workers who 
may run the danger of becoming infected wdiile handling wdiite rats 

Paul R Cannon 

Role or Vitamin C in the Genesis or Tuberculosis in the Guinea Pig 
K E Birkhaug, Acta tuberc Scandinav 13 45 and 52, 1939 

Daily oral administration of crj^stallme vitamin C significantlj inhibits the 
tuberculin reaction in tuberculous guinea pigs The degree of inhibition is definitely 
correlated with the urinary excretion and adrenal content of \itamin C 

Hypervitammosis C induced by daily oral administration of 10 mg of 1-ascorbic 
acid caused a significant increase in body weight and reduction in the invasive 
lesions and development of generalized tuberculosis in guinea pigs which had been 
inoculated subcutaneously with approximately 500 viable bovine tubercle bacilli 
each and killed sixty-four days after inoculation 

A histologic study revealed less of caseonecrotic lesions, more collagenous 
tissue within and around the tuberculous centers and less dispersion of tubercle 
bacilli in animals with hypervitammosis C than in the controls 

Froai Author’s Summaries 


Immunology 

Antigenicity of the Virus of Trachoma L A Julianelle, Am J Path 
15 279, 1939 

Clinical observation reveals little if any immunity to trachoma It has not 
been possible to demonstrate increased resistance to experimental trachoma in 
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monkeys following recovery from the infection The serum or defibrniated blood 
of patients with active infections of var 3 nng duration exerts no neutralizing or 
protective effect on the virus of trachoma The serum of infected or recoveied 
monkeys contains no antibodies demonstrable by the usual methods of protection 
The serum of rabbits or susceptible monkevs receiving repeated intravenous injec- 
tions of active trachomatous tissues contains similarly no antiviral substances 
It IS concluded that the virus of trachoma is an impotent and ineftectual antigen 

From Author’s Summary 


Serological SPECiricm or Peptides K Landsteiner and J vax der Scheer, 
J Exper Med 69 70S, 1939 

Experiments are described dealing with immune serums to pentapeptides and 
peptide amides Absorption and inhibition tests gave no indication of the presence 
in the immune serums of special antibodies for portions of a peptide molecule, but 
the antibodies appeared to be specific for an entire pentapeptide even though the 
serums contained qualitatively different fractions Marked disparity was found 
between the reactions of peptides and coi responding amides, indicating differences 
between acid and other polar groups m their influence on serologic specificity 

From Authors’ Su’mmarv 


Sensitization with Chemical Compounds K Landsteiner and M W Chase, 

J Exper Med 69 767-1939 

Experiments are desciibed on the period of latency in sensitization to poison 
ivj and on the time the agent must lemain in contact with the skin The chief 
matter of investigation concerned the manner in which the whole skin becomes 
sensitive following treatment at a particular site, especially whether this sensitiza- 
tion is effected by way of the epidermis Two methods were used to inteiiupt 
the continuity of the skin, one that of cutting through both the skin and the under- 
lying thin muscular layer, the other that of removing a strip of skin so as to 
spare the cutaneous muscle These procedures led to different results when an 
extract of poison ivy was applied to the areas thus isolated With the first method 
sensitization was mostly prevented, whereas with the second method generalized 
hypersensitiveness occurred almost uniformly An explanation is to be found in 
the severance of the lymph vessels lying on the surface of the muscular layer, 
pointing to the necessity of a free passage of lymph On the other hand, the 
experiments prove that general sensitization is not dependent on maintaining the 
integrity of the skin around a treated area An inhibition of sensitization by 
incisions extending through the panniculus carnosus was seen to some extent in 
anaphylactic sensitization with protein antigens, namely, when sufficiently small 
amounts were employed From Authors’ Summary 

Serological Studies or Reptilia G C Bond and N P Sherwood, J Immunol 

36 1, 11, 1939 

Isohemagglutination was not observed, but heterohemagglutination and hetero- 
hemolysis occurred between genera and between families of the Serpentes, but 
they showed no relation to zoologic grouping Snake red blood cells did not 
contain agglutinogens comparable to human A and B, but some snake serums 
contained species-specific, and a few contained group-specific, agglutinins capable 
of reacting with human red cells These serums when properly absorbed can be 
used reliably to determine the blood groups of human red cells Each of 38 
specimens of undiluted fresh snake serum hemolyzed both human and sheep red 
cells, the titer for the latter being considerably higher The hemolytic action was 
found to be due to a normal hemolysin and to an excess of complement, which had 
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a titer, and which reacted to heat and in storage, similarly to guinea pig com- 
plement Snake complement could be used in bacterial and in syphilitic comple- 
ment fixation tests That it was not identical with guinea pig complement was 
demonstrated bj’' the fact that the latter could not take its place in the hemolysis 
of sheep red cells by strongly hemolytic .snake scrums j Davidsohx’ 

NoNSPECiric “D^srNSITI7\TI0^” Tiiroogii IIisT\MiNr L F\rmir, J Immunol 
36 37, 1939 

Young virgin guinea pigs were sensitized w'lth horse scrum and after fiom 
thirteen to fifteen days were gnen repeated intra-abdominal injections of histamine 
in increasing amounts From twentj-six to thirty-six days after sensitization their 
uteri were tested in the Schultz-Dale experiment kfuch larger amounts of horse 
serum were needed to bring about anaphylactic contraction (with 78 per cent a 
concentration of more than 1 250,000) in these uteri than in controls, with which 
the concentration needed was only 35 per cent Injections of histamine into 9 
guinea pigs caused them to become less sensiti\c to the same substance The 
results suggest that histamine is the substance rcsponible for the anaphj lactic con- 
traction of the smooth muscle and thus they support Dale’s h 3 pothesis 

I D WIDSOHN 

Serum Sickness in Rabbits kl S Fleisher and L R Jox'ES, J Immunol 
36 511, 1939 

Horse immune scrum to which proper amounts of sodium hjdroxide had been 
added was heated at an optimum temperature for established periods of time and 
then neutralized wnth hydrochloric acid The product retained the major part 
of the antibody but failed to produce manifestations of scrum disease in rabbits 
A definite quantitative interdependence was observed among the three factors 
alkali, temperature and time of heating There is evidence to the effect that con- 
centrated pseudoglobulin can be similarly treated, effecting destruction of the 
factor causing seium sicloiess w'lthout txccssivel} injuring the antibody Howc\ei, 
the toxic manifestations that were observed in some rabbits prohibit at present 
the application of this method of eliminating the factor causing serum sickness 
preliminary to the use of the antitoxin in man j Davidsohn 

Properties or Antigenic Preparations FROM Brucei LA AIei iTENSis A A Miles 
and N W Pirie, Brit J Exper Path 20 109, 1939 

Allies and Pine describe the serologic behavior of the antigen of Brucella 
mehtensis in its native state and after stepwise degradation by various agents 
The relationship between the physical properties of a solution of the antigen and 
the character of the serum precipitate is discussed 

Action of Proteolytic Enzymes on the Antitoxins and Proteins in Immune 
Serum C G Pope, Brit J Exper Path 20 132, 1939 

Pope has leexamined the possibility of purifying antitoxic serum by digestion 
of inactive protein with proteolytic enzymes (mainly pepsin) Working with 
diphtheria antitoxic serum, he has determined the conditions necessary for maxi- 
mum digestion of inactive protein and minimum loss of antitoxic activity Samples 
of plasma from different horses show considerable variation in response to pepsin 
action, usually plasma from horses which have responded w^ell to immunization 
give the best results It is concluded that peptic digestion alone does not provide 
a suitable method for the purification of antitoxin since the degree of purification 
is rather low (up to four times) and the products of the breakdown of inactive 
protein are difficult to separate from the antitoxin 
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Cultivation of the Virus or Aujeszky’s Disease on the Chorioallantoic 
Membrane of the Developing Egg R E Glover, Bnt J Exper Path 
20 150, 1939 

No effective method has yet been devised for inducing satisfactory immunity 
against Aujeszky’s virus disease of animals (pseudorabies) Glover has endeavored 
to adapt the viius to the developing egg in the hope that the infective agent would 
undergo mutation and serve as an immunizing agent The virus has been success- 
fully propagated on the egg Some evidence of mutation has been obtained, but 
the virus is not yet sufficiently attenuated to permit employment of it for purposes 
of vaccination 


Tumors 

Cerebellar Astrocytoma P C Bucy and W A Gustafson, Am J Cancer 

35 327, 1939 

Cerebellar astrocytomas occur for the most part in children They are well 
circumscribed solid or cystic gliomas, which can usually be readily and successfully 
enucleated They are composed predominantly of fibrillary and protoplasmic astro- 
cytes in variable proportions, m association with a very small percentage of other 
adult and embryonic cells of the spongioblastic series They contain no ganglion 
cells or nerve fibers other than those engulfed as a result of their invasion of the 
cerebellum and no neuroblasts They not infrequently invade the subarachnoid 
space, and m such areas one may find glial bridges connecting the molecular layer 
of the cerebellum and the subarachnoid space Degenerative changes involving the 
cells of the tumor, their processes and fibrillae and the blood vessels are common 
and are not infrequently misinterpreted by the unwary The surrounding cere- 
bellum shows the effects of compression and ischemia Although it is possible that 
many cerebellar astrocytomas are congenital, arising from a developmental fault, 
this hypothesis remains unproved There is no evidence to support the contention 
that these are congenital malformations rather than neoplasms The small intra- 
neoplastic cysts which develop are the result of liquefaction of the tumor tissue, 
but the extraneoplastic cysts, and perhaps the large intraneoplastic ones as well, 
appear to be formed by transudation The oiigmal classification of these tumors 
into fibrillary and protoplasmic astrocytomas is accurate and valuable More recent 
efforts at alteration of the classification or of its nomenclature are illogical, of 
little value and confusing From Authors’ Summary 

The Production of Carcinoma and Sarcoma in Guinea-Pigs by Thorotrast 
[Colloidal Thorium Dioxide] L Foulds, Am J Cancer 35 363, 1939 

Four injections of 0 2 to 0 3 cc of colloidal thorium dioxide made into the base 
of a nipple produced tumors in 4 of 9 guinea pigs which survived until the earliest 
growth was detected The average induction time was about thirty-seven months 
The tumors comprised 1 carcinoma, 2 sarcomas and 1 fibrosarcoma, the carcinoma 
and the sarcomas were transplantable The carcinoma has been transmitted 
through fifteen generations The experiment demonstrated the production of a 
carcinoma other than a squamous carcinoma by the local action of a carcmogemc 
^Sent From Author’s Summary 

Immunity to Shore Fibroma Virus J Clemmesen, Am J Cancer 35 378, 
1939 

Shope fibroma virus injected into rabbits treated by general roentgen irradia- 
tion produces results similar to those described by Andrewes and others in rabbits 
given injections of tar, namely, prolonged growth of the resultant fibromas, pro- 
longed resorption and general fibromatosis, after intravenous inoculation The 
development of immunity to repeated inoculations with this virus is delayed in 
roentgen irradiated rabbits The effects of general roentgen irradiation on trans- 
planted tumor and normal cells, on inoculated fibroma virus and artificial carcino- 
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genesis have their parallels in the effects of injections of tar and of trjpan blue 
It IS suggested that all these procedures act through the reticuloendothelial system 

From Autiiop’s Somm\r\ 

ErrccT or Oil of Wintfroulck on Spont\m:ols Tlmous L C Strong, Am 
J Cancer 35 401, 1939 

Extensive liquefaction of spontaneous tumors of the mammary glands in mice 
may be brought about by introducing heptyl aldehyde into the organism through 
the diet Liquefaction of spontaneous tumors may also be produced by injecting 
heptylaldehyde subcutaneously in aieas remote from the neoplasm Because of 
hemorrhage from the surface of the tumor and absorption of possible toixc agents 
from large or advanced growths, gicat caution should be employed in the use of 
heptylaldehyde or of any other agent that has a similar action on spontaneous 
tumors The synergistic or tandem use of two or more chemicals may be the 
means of controlling spontaneous tumors by chemotherapy, at least in mice 

From Author’s Summari 

Contorted Mitosis AND Till Superficial Plvsmagel LA'iER W H Lew'is, Am 
J Cancer 35 408, 1939 

The assumption that cells ha\e a superficial layer of gclated cytoplasm (plas- 
magel layer) which automatically' exerts continuous contractile tension and that 
this layer undergoes lanous local and general changes in viscosity and thickness, 
with corresponding variations in its contractile tension, offers a key to one of the 
important factors concerned in changes of cell form, in cell locomotion and in cell 
division The contorted mitoses observed in the division of tlie cells of spindle 
cell sarcoma C37 are explained by the de^elopment of changing contraction bands 
of the plasmagel lay'er which produce constrictions that result in marked distor- 
tions and lobulations of the dividing and young daughter cells 

From Author’s Summ\r\ 

Experimental Adenoma or the Pituitary I H Perrv and kl S Lockhead, 
Am J Cancer 35 422, 1939 

Three pituitary tumors dc\ eloped in 131 female mice receiving prolonged treat- 
ment with estrone (theelin) , none W'as present in 97 controls Tw'O of these mice 
also had inguinal implants of 1,2,5,6-dibenzanthracene 

From Authors’ Summary 

Pulmonary Adenomatosis (Jagzicktc) in Sheep C Bonne, Am J Cancer 
35 491, 1939 

In the human lung a diffuse tumor-like condition, here described as carcinosis, 
may occasionally be found Morphologically', this closely resembles certain pul- 
monary diseases of animals, of which jagzielcte in sheep is the best loiown repre- 
sentative In these diseases the alveolar cells and sometimes the bronchiolar cells 
are replaced by dark-staining cells in which mitoses are frequent These cells line 
the alveolar sacs and often protrude into their lumens, forming papillomatous buds 
There is practically no invasive growth, and metastases are absent The possibility 
of a virus origin of these diseases is discussed A detailed description is given of 
a case of general pulmonary carcinosis in a Chinese 

From Author’s Summary 
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CHICAGO PATHOLOGICAL SOCIETY 
S A Levinson, Piesxdent 
Edwin F Hirsch, Seaeiary 
Regiilat Monthly Meeting, Oct 9, 1939 

Presidential Address I The History and Progress of the Scientific 
Work of the Cook County Coroner’s Office Samuel A Levinson 

The coroner’s office in Cook County was established in 1864 Ernst Schmidt, 
the first coroner of Cook County and the first medical man to hold this position, 
was elected on the Republican ticket at this time 

Schmidt, who was a liberal and an exponent in the defense of civil and 
political liberties, graduated from the University of Wurzburg in 1857 and arrived 
in Chicago in the same year During his student days in the University of 
Wurzburg he was active in the revolutionary movement in the year 1848-1849 
There he later attended the lectures of Virchow and became his enthusiastic 
disciple and friend Schmidt and Virchow had a common bond in that both were 
interested in social and political reforms When Schmidt arrived in the United 
States, and later in Chicago, he carried on these reforms along the lines of a 
defender of civil rights and liberties, and among other activities he “stumped” the 
state of Illinois for Abraham Lincoln for President of the United States One 
outstanding example of the work performed by Schmidt was his active part in 
the defense of the “Haymarket rioters” in Chicago in 1887 

Schmidt aided in the founding of the Humboldt College of Medicine in St 
Louis, and at the outbreak of the Civil War he joined the third Missouri brigade 
and was with this unit until illness forced him to retire On his return to Chicago 
in 1864 Schmidt was elected the first coroner of Cook County He was regaided 
as one of the first scientific men in medicine, as well as one who had received 
training in pathology under Rudolf Virchow Schmidt was coroner of Cook County 
for a little over a year, when he resigned because of his inability to cope with 
political influences in his office He was interested in making anatomic dissections 
and postmortem studies in the various cases of death referred to his office, but 
was unable to carry on the scientific work 

In 1890 Henry Hertz was elected coroner of Cook County, and he appointed 
the first coroner’s physician — ^Ludvig Hektoen 

Hektoen’s experiences as coroner's physician during this time are comparable 
to the experiences of most physicians who covered large territories with horse and 
buggy Hektoen’s work included investigations of deaths due to natural causes, 
and he issued death certificates His duties also consisted of making autopsies at 
the Cook County Hospital for the coroner, as well as investigating causes of 
deaths and making autopsies in the various undertaking rooms in Chicago and 
Cook County There were no streetcars or elevated lines extending to the 
suburban areas, and the horse and buggy method of conveyance took considerable 
time Because of the large area that had to be covered, Hektoen could not always 
complete the work assigned each day Aside from duties as coroner’s physician 
he was called on to testify in criminal cases, which took a great deal of time 
He was also professor of pathology at the College of Physicians and Surgeons 
Hektoen could not keep detailed records of all the autopsies performed during 
this time, but he did make use of the interesting pathologic material that presented 
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itself Theie weie no medical libraties available, tbe litcratnie was scanty, and 
he was pressed for time to studv m detail the material he wished to report A 
review of the pathologic material presented before the Chicago Pathological 
Society at its beginning ie\eals an amazingly large number of studies made b\ 
Hektoen on gioss as W'ell as on histologic material which he had obtained as 
coroner’s phjsician klore than forh articles w'cre published during the time that 
he held this position 

Hektoen, as first coroner’s phjsician, started a sjstem w’hich he called "imesti- 
gation record,” gning the facts as he found them at the autopsy table He urged 
strongly that records of obserrations made at autopsj weie of great importance 
to the coroner’s ofiice for their legal as w’ell as scientific ^aluc 

Louis J Mitchell, who had started his inteinship at the Cook Countj Hospital 
SIX months before Hektoen, was the second coroner’s phisician m Cook CounU 
and served for four years One of the important autopsies performed b\ Mitchell, 
who had called Hektoen in as consultant, was that on the bodj of Ma 3 0 i Caiter 
Harrison, wdio had been assassinated b} Prendegast 

When Peter M Hoffman w'as elected coroner of Cook CounU in 1912, he 
organized an adMsorj committee to recommend competent candidates for coroner’s 
physicians as w'ell as to advise on other matters E R LeCount w'as appointed 
coroner’s physician and was stationed at the Cook County Hospital Morgue 
Hektoen recently wrote the following concerning LeCount 
“He set a high standard of necropsy and of nccropsj records In connection 
with his medicolegal W'ork he dc\ eloped a well organized sjstem of \olunteer 
assistantships The duties w’ere indeed arduous but the opportunities to learn w'eie 
so attractive that there never was any lack of acceptable applicants The w'ork 
began between four and five o’clock in the morning so that it might be finished 
before the hour of the regular course in pathologic anatomy So tireless was 
LeCount’s mdustrj, so fully had he taken himself in hand, that during these -Nears 
he rose shortly before four o’clock In the course of his medicolegal serMce he 
gathered a remarkable series of records of cases (99 volumes, fullj' indexed), wdiich 
form a copious source of information concerning the pathologic anatom} of medico- 
legal conditions He was engaged in the study of this material to the last, and 
in his room in the hospital he completed valuable analyses of cases of fractures 
of the skull and of gunshot wmunds imohing the chest and abdomen simultaneously 
“As the years passed he developed into an authority in practical patholog}’-, 
clinical and medicolegal His experience, the skill and thoroughness of his exam- 
inations, his wude knowdedge, his refusal to come to ain final decision in the 
absence of conclusive evidence, and the soundness of his judgments gave him the 
standing of a supreme judge in questions of diagnosis on a structural basis” 

From 1923 to 1927 Oscar Wolff w'as coroner of Cook County and w'e can refer 
to this era only as the “four dark years ” 

As a result of Wolff’s administration as coroner of Cook Countj% the law'- 
abiding citizens of Chicago and Cook County made a protest against the method 
and conduct of the coroner and drafted Herman M Bundesen as a candidate to 
oppose Wolff Bundesen was elected by an overwhelming majority 

Bundesen assumed office in 1928 and resigned in 1931 to become health com- 
missioner During his tenure in office he introduced numerous reforms, reorganized 
his staff of pathologists and elevated the scientific division of the coroner’s office 
to its present high level He also appointed an advisory committee consisting of 
Ludvig Helctoen, J P Simonds, W F Petersen, Frank Mejunkm and Louis 
Schmidt 

F J Walsh, the present coroner of Cook County, has continued along the 
lines recommended by his medical advisory committee and has at no time inter- 
fered with the scientific and professional work of his physicians and toxicologist 
He has maintained his scientific staff at its present high level 

W D McNally was appointed first coroner’s chemist, and Ralph Webster 
served for about one year C W Muehlberger is the present coroner’s toxicologist 
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II Analysis of thd Work Done by the ScrnNTiric Staff of the Cook 
County Coroner’s Omen 

The percentage of all deaths occuinng in Cook County which are investigated 
by the coroner’s office varies fiom 1273 to 21 63 This percentage is much higher 
than has heretofore been reported by vaiious analysts The total number of cases 
investigated by the coroner’s office varied from 4,937 in the year 1909 to 9,011 in 
the year 1928 

The number of autopsies peifoimed by coroner’s physicians during the years 
1931 to 1938 IS also much higher than has previously been reported The per- 
centage of all deaths due to natural causes as well as deaths resulting from trauma 
or violence on which autopsies were done varied from 1732 in 1932 to 26 4 m 
1935 The percentage of deaths iniestigated by the coroner’s office on which 
autopsies were done compares favorably with that of similar offices in the United 
States, and it certainly compares favorably with that in most of the hospitals of 
Chicago 

An analysis was made of the number of deaths resulting from homicide, suicide, 
poisoning and abortions The highest level of deaths due to homicide was in 
1929, during the prohibition era When the Prohibition Act was repealed by 
Congress, in 1933, there was a sudden diop in the number of homicides 

Deaths due to suicide had two peaks, one in 1915, during the World War, and 
anothei in 1929-1930, during the economic crash The economic crash was not 
the sole factor in the increase m the number of suicides in 1929-1930, and a more 
detailed analysis of this will be reported elsewhere 

A similar analysis was made of the number of deaths due to poisons as well 
as of the number due to abortion 

In 1929 the firearms investigation bureau was established in Chicago The 
coroner’s office has a ballistics unit which is an integral part of this office The 
firearms identification bureau examined as many as 1,431 guns in the year 1932 
In 1930 647 bodies dead from bullet wounds were submitted to autopsy, and 1,131 
bullets were recovered and given ballistics examination The toxicologic depart- 
ment, which IS an integral part of the coroner’s office, examines not only material 
submitted from the bodies dead from or suspected of being dead from poisoning 
but medicines and other chemicals found on the dead body or in the vicinity of 
the dead body For example, m 1929 theie were 994 bodies dead from or suspected 
of being dead from poisoning, and 1,277 examinations were made for poisons and 
on mateiial submitted by the Cook County Purchasing Department 

The material obtained at coroner’s autopsies differs in many respects from that 
obtained at “permission” autopsies It includes specimens representative of 
unexpected or sudden deaths, as well as deaths from poisoning, drowning, electro 
cution, abortion, bullet wounds, industrial and transportation accidents, etc The 
material is utilized for teaching purposes as well as for exhibits 

A couise for the teaching of legal medicine in medical schools has been 
organized in the past few yeais 

The scientific work performed by the coroner’s office should form a nucleus 
for the establishment of an institute of legal medicine in Cook County The crime 
detection laboratory, the department of police administration, the institute for 
juvenile research and the psychiatric institute, and the firearms identification 
bureau are all services which are directly or indirectly extensions of the pathologic 
and toxicologic departments of the coroner’s office These can be utilized in aid- 
ing the courts and prosecution as well as the defense in the conduct of legal 
cases Although they function independently, they aid one another in a coopera- 
tive way If this loose integration could be organized into a close corporation 
and associated with the legal group, a true type of medicolegal institute would 
be approached which would be of great service to the citizens of our commumtv 
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OCCURRLNCE AND SlGNiriCANCE OF CONGENITAL MALIGNANT NEOPLASMS 

H Gideon Wells 

Human cancer when produced by known agencies (e g, roentgen rays, radium, 
or chemicals as in dye workers’ cancer) has been found usually to require seven 
to fifteen 3 "ears foi its development Experimental study of canccrogencsis has 
shown that such a long total period of development is not necessary but that what 
IS necessary is a comparable part of the normal life span Hence experimental 
cancer appears quicker in mice than m rabbits, in rabbits than in dogs, m dogs 
than in man In striking contrast to this general principle is the fact that there 
IS a group of tumors that usually appear earlj m life or not at all, outstanding of 
which are the neuroblastoma of the retina, the neuroblastoma of the adrenal gland 
and the malignant nephroma A studj' of cases of these tumors shows that in a 
considerable proportion they arc alieady present as malignant neoplasms at the 
time of birth In our laboratories, in about 3,000 necropsies on fetuses born dead 
or on infants djing shortly after birth thcic were obscr\ed 3 instances of con- 
genital adrenal neuroblastoma and 1 instance of neuroblastomatous iinohement of 
much of the sympathetic nervous tissue 


Sumiiiaiy of Recorded Coitgcinlally Malignant Tuinois (Not Including 

Retinal Ttimois) 



Accepted 

Probable 

Possible 

Total 

Malignant renal tumor 

5 

11 

7 

10 

Malignant adrenal neuroblastoma 

17 

35 

21 

53 

Malignant extra adrenal neuroblastoma 

C 

4 

7 

10 

Congenital sarcoma 

C3 

20 

53 

115 

Teratoma ivlth malignant cliaractcr at blrtli 

1 

2 

7 

O 

Tumors of undetermined nature 

3 

i 

7 

11 

Carcinoma of tlio liver 

0 

1 

9 

10 

Hcmanglocndotbelloma mallgnum of the liver 

0 

? 

r> 

15 

Tumor of the liver of undetermined cliaractcr 

0 

7 

4 

4 

Carcinoma, excluding liver 

0 

0 

5 

“) 

Cerebral glioma 

1 

1 

0 

4 

Malignant endothelioma, excluding liver 

7 

7 

5 

5 

Melanoma mallgnum 

0 

CO 

2 

CO 

2 

123 

1 

255 


In the hope that a study of cases of malignant growtli present at birth might 
offer some suggestions as to the meaning of this deviation from the usual require- 
ments for malignant neoplasia, a review of the literature has been made, and many 
misinterpretations have been corrected The results are summarized in the 
accompanying table 

There have been no congenital carcinomas of the types commonly seen in adults 
which were indisputably established to be such, although a few lesions reported 
as congenital carcinoma of the liver or thymus may be genuine On the other 
hand, there are not a few unquestionably congenital sarcomas which seem to 
differ in no noteworthy respect from the sarcomas of adults Since it requires 
about the same length of time to pioduce experimental sarcomas and carcinomas, 
the explanation for this difference is not cleai 

While a large proportion of neurogenic malignant tumors derived from the 
tissues of the sympathetic nerv'ous system and from the retina, when present, aie 
present at birth, congenital neoplasms of the brain and peripheral nerves are 
extremely rare Evidence is found that congenital maldevelopments of nerve 
tissues occur frequently m brain, retina and adrenal, and these apparently maj'^ 
disappear, develop into malignant tumors, develop into benign tumors or even 
become malignant and then change in whole or in part into nonmalignant tissues 
In striking contrast to retinoblastoma in which there is a marked hereditary 
factor, the other types of tumor tend to be congenital or, if they appear in early 
infancy, show no familial or hereditary influences 
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Placental tumors, occurring as they do in fetal tissues, may not be an exception 
to the rule that from one fifth to one tenth of the life cj^cle of an organism ordi- 
narily IS required to produce a malignant growth, since the placenta is an organism 
the entire life cycle of which terminates in senility m about six months 

Some cases of true congenital leukemia have been reported, but not a single 
instance has been found in which the leukemia was transmitted from the mother 
to the fetus, although there have been a few instances of metastasis of maternal 
cancer to the fetus 

The significance of congenital malignant growth is discussed in the light of 
the fact that ordinarily a large part of the life cycle is required to produce any 
type of malignant tumor 

Presumably the malignant growths which appear chiefly before or soon after 
birth depend on some other mechanism or principle than do the ordinal y malignant 
growths that require so long for their production Cramer has directed attention 
to the fact that the retinoblastoma, which appears almost exclusively in infants, 
and the chorionepithelioma arise from tissues that have a type of metabolism 
resembling that of tumors Besides the retinoblastoma, the neuroblastoma and the 
nephroblastoma are also tumors of the first few years of life, and in recent years 
It has been shown that in the brain and the kidney medulla glycolysis is high 
Thus these tissues also have a metabolism resembling that of the embryo and of 
tumors, and this may have some connection with the occurrence of these tumors 
in the early years of life 

DISCUSSION 

S R Rosenthal I liave seen a numbei of swine with Wilms’ tumoi of the 
kidney in a benign form The tumor usually occupies one pole of the kidney It 
sometimes becomes very large but never metastasizes Histologically, there are 
rudimentary tubules and glomeiuli in a matrix of cellular connective tissue 

Tumors of the Sympathetic Nervous Svstem Edith L Potter 

Neuroblastoma and ganglioneuroma are tumors composed of cells representing 
different degrees in the development of primitive tissue arising originally fiom 
the neural crest of the embryo The structure varies from that of tumors which 
are composed entirely of completely undifferentiated cells (sympathogonia) , mod- 
erately differentiated cells (s 3 '^mpathoblasts) or completely differentiated cells 
(ganglion cells) to that of tumors in which there is a mixture of all elements 
Schwannoma has been found in association with chromaffin tumors but only laiely 
in association with neuroblastoma or ganglioneuroma 

The present case is that of an infant born dead and two months prematurelj, 
in whom multiple tumors were present The entire chain of paravertebral sym- 
pathetic ganglions was transformed into a continuous mass of tumor tissue, 1 to 
1 5 cm in diameter Fused with the inferior surface of each adrenal were 
lobulated, circumscribed tumors, each 5 by 5 by 6 cm Connecting these across 
the midline was a similar tumor of approximately equal size The wall of the 
urinary bladder was firmer, more fibrous tumor tissue, 3 cm in maximum thick- 
ness It extended posteriorly and encircled the rectum, the fibers ending at the 
anus Numerous small encapsulated masses of tumor tissue Avere in the posterior 
part of the abdominal cavity There was extreme hypertrophy of all nerves in 
the body, particularly of those of sympathetic origin Multiple minute tumor 
nodules were present throughout the liver 

Microscopically, all of the tumors had a similarity in structure and were com- 
posed of sympathogonia, sympathoblasts, ganglion cells and nerve fibers, with 
irregular regions of hemorrhage, calcification and necrosis Sympathogonia formed 
the main portion of the adrenal tumors, ganglion cells and fibers composed the 
greater part of the ganglion tumors, but all types formed a diffuse mixture in all 
tumors 

The tumor of the bladder differed from the tumors in other locations It had 
large masses of tissue composed of elongated nuclei and fibrillar material separated 
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into bundles of collagen fibers In one region groups of immature ganglion cells 
were present, but most of the tumor consisted only of Schwann cells and fibers, 
characteristic of schwannoma The hypertrophy of the nerves was due to an 
increase in Schwann cells accompanied by local excessive proliferation of acellular 
fibrils 

This case exemplifies the interrelationship of neuroblastoma, ganglioneuroma 
and schwannoma The tumor is due not to activation of misplaced rests of 
embryonic tissue but to some condition affecting the entire sympathetic nervous 
system, stimulating generalised neoplastic growths 

Intracapillary ^Microscopic Metastatic Mammarv Gland Carcinomv or the 
Lungs and Other Viscera Leslie R Grams 

This report was published in full in the December issue of the Archwes, page 
865 
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Medical Jurisprudence and Toxicology William D AicNally, AB, MD, 

Assistant Professor of Medicine and Lecturer in Toxicology, Rush Medical 

College, University of Chicago Pp 386 Price $3 75 Philadelphia W B 

Saunders Company, 1939 

The book is dnided into two sections part 1, “Medical Jurisprudence,” 69 
pages, part 2, “Toxicology,” 259 pages Part 1, which is supposedly written 
primarily for the physician and the medical student, is entirely inadequate and the 
treatment rather superficial About a ninth of the book has been allotted to the 
topic of medical jurisprudence, and essential phases have been omitted, or, if 
mentioned, have not been described in sufficient detail , for example, the matter 
of the signs of death, an important medicolegal problem, has been disposed of in 
3 pages , sudden and unexpected deaths from natural causes, which on the average 
constitute more than^O per cent of the total number of deaths that come to the 
attention of the coroner or the medical examiner, have been allotted but 2 pages , 
injuries, burns, abortions, infanticides and insanity are lumped together and rather 
inadequately treated in the space of 25 pages, bullet wounds, stab wounds and 
rape are mentioned very briefly, while, in contrast, ballistics, a matter primarily 
of concern to the police, has been given 9 pages ' A furthei criticism of this 
section IS that numerous careless and misleading statements are made which will 
raise doubts in the mind of any discriminating reader One might mention par- 
ticularly the section on blood grouping, especially the paternity table on page 71, 
m which 12 errors have been made Any one using this table would be grossly 
misled 

In the second part of the book, that on toxicology, the symptoms of poisoning 
and the treatment of various types of poisoning are given in a concise form and 
are well presented However, the discussion of the detection and the quantitative 
determination of the poisons that may be present m tissues is fragmentary and 
indefinite In the description of the methods abrupt transitions and poor 
sequences leave much to be desired An inexperienced analyst attempting to carry 
out an analysis of organs for poisons by following the directions in the text 
could not hope for much success , an experienced analyst would not be apt to use 
the book 

Many important laboratory procedures are scantily treated, only general prin- 
ciples being outlined Some of the more recent and specific tests of importance have 
not been mentioned Methods of isolation and purification of toxic principles, which 
must precede the application of identification tests, have m the case of several of the 
poisons been totally ignored Crystal tests for several of the alkaloids do not 
appear Concerning the chemical procedures many ambiguous and erroneous state- 
ments are made 

One realizes that it is impossible to confine in a volume of this size detailed 
descriptions of all drugs and chemicals that may enter into suicides, homicides 
and accidental poisonings, but one does feel that if any tests are given they should 
be so stated that a person with the necessary fundamental training can carry them 
out successfully This the book does not do, and therefore it cannot be con- 
sidered as satisfactory to serve as a textbook on toxicology 
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Communications nu Labor vromc BACTriiioiOGiQuu on l’IItvt Suldois 
Volume XII, 1937 Piipcr Vanous pagination Uppsala Almq\ist & Wiksells 
Boktrycken-A B , 1939 

Report of the President vnd or the Treasurer for the Year Fnded 
September 30, 1939, Carnegie Corporation or Nrw York Paper Pp 167 
New York Carnegie Coiporation of New York, 1939 

Proctoscopic Examination and Diagnosis and TRFmiENT of Di\RRnK\ 
AI H Stieicher, MS, AID, Unucisih of Illinois College of Alcclicinc, Chicago 
Cloth Pp 149, with 39 illustrations Price “^3 Spiingfielcl, 111 Charles C 
Thomas, Publisher, 1940 

Reports on Biological Standards — Y Variables Afeecting run Esti- 
mation or Androgenic and Oestrogenic Actimty C W Emmens Aledical 
Research Council, Special Report Senes, no 234 Paper Pp 71 Price 40 
cents, 1 shilling, three pence New York British Librarj of Information 
London His Majesty’s Stationcrj Office, 1939 

A Symposium on the Blood and Blood-Forming Organs E Aleulengracht, 
Cecil James Watson, C P Rhoads, Clark W Heath, George R Alinot, Louis 
K Diamond, Russell L Haden, J Furth, Claude E Forkner, E B Krumbhaar, 
Charles A Doan, tial Downej^, Paul RcrnikofF, Edwin E Osgood and Harr} 
Eagle Cloth Pp 264, illustrated Price S3 50 Aladison The Universiti of 
Wisconsin Press, 1939 

The Rise of Embry olog\ Arthur William Aleyer, Professoi of Anatom}, 
Emeritus, Stanford University Cloth Pp 367, with 97 illustiations Price S6 
Stanford University, Calif Stanford University Press, 1939 

Clinique et physiopathologie des maladies coeliaques Robert Dubois, 
Agrege de I’enseignement secondaire, Alcdecin-adjoint de la Clinique infantile de 
I’Umversite de Bruxelles Preface du professeur E J Bigwood Paper Pp 
350, with 14 illustrations Price 80 francs Pans Alasson & Cie, 1939 
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INDUCTION OF GASTRIC TUMORS IN STRAIN A 
MICE BY METHYLCHOLANTHRENE 

HAROLD L STEWART, MD 
Pathologist, United States Public Health Service 
EFTHESDA, MD 

Repoits of the production of tumors of the stomach m experimental 
animals are so uncommon that their number is out of all propoition to 
the impoitance and frequenc}'- of this lesion as it occurs in man 

Consideiing the large numbei of animals that have been subjected 
to experimental tarring oi painting with pure caicmogenic chemicals, 
the development of gastric neoplasms has been extremely laie The 
Tworts ^ stated that among 60,000 mice painted with tar small papillomas 
of the stomach were obseived only occasionally Aftei examining the 
stomachs of seveial hundred tarred mice, Bonne - found papillomas in a 
few animals which had survived two hundred days and in 1 animal a 
squamous cell carcinoma of the forestomach Shabad ® also reported the 
production of a benign papillomatous tumoi m the forestomach of a 
mouse m a gioup that had received tar by lectal injection Twort and 
Bottomley * reported a squamous cell epithelioma in the forestomach of a 
mouse whose skin had been painted for twenty weeks with chiysene 
ammonium and sodium sulfonate , they seem to have believed it a spon- 
taneous tumor, since m 12,000 mice with induced cutaneous tumoi s this 
was the only tumor of a mucous membrane On the othei hand, the 
belief has been expressed that such neoplasms of the ahmentaiy canal 
may lesult from ingestion of the carcinogenic chemical b}'^ the animal’s 
licking the painted aiea or consuming contaminated food However, this 
would not explain the gastric papilloma and carcinoma in female mice 
painted with 1,2,5,6-dibenzanthracene combined with theehn, leported 
by Peir}'^ and Ginzton,“ since tumoi s of the stomach have not been 
found to be associated with uncomplicated painting of the skin with 
1,2,5,6-dibenzanthiacene m other laboratories where this proceduie is 
common practice 

From National Cancer Institute, United States Public Health Service 

1 Twort, J M, and Twort, C C J Path & Bact 35 219, 1932 

2 Bonne, C Ztschr f Krebsforsch 25 1, 1927 

3 Shabad, L M Vestnik rentgen i radiol 6 223, 1928 

4 T^^ort, C C, and Bottomley, A C Lancet 2 776, 1932 

5 Perry, I H , and Gmzton, L L Am J Cancer 29 680, 1937 
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The injection of caicinogenic agents into the wall of the stomach 
and the oial adininistiation of these substances in a deliberate attempt 
to provoke gastiic Illinois have jicldcd positive results in some cases 
and negative lesults in others Uehhngei and Schurch" introduced a 
mixture of 0 005 mg of mesothorium in iietiolatum into the gastric 
wall in 8 labbits, 2 of which died twcnt\-one months and twcnU-nine 
months latei with sarcoma of the stomach Ilfcld' inserted pellets of 
ben/pyiene undei the gastiic mucosa in 6 feriets and pellets of 
1,2,5 6-diben7anthiacene into the gastiic wall of a dog, with negatne 
lesults after a yeai Fihigei ® found that carcinoma of the stomach 
developed in mice as well as m lats, when the} w'eie infected with 
spiioptera liowevei, this work has leeentl} failed of eoiifiimation In 
Ciainei ’’ There is a case mentioned 1)\ Cieighton’" as liaMiig been 
lepoited Iw Tw'oit in which a cancel of the pyloius of a mouse appai- 
ently resulted fiom injiin produced In a jiiece of swallowed glass 
A papillar} carcinoma m the foicslomach of a male mouse was leported 
b} Meiciei and Gosselm'' as followung an mtiapei itoneal injection of 
tar in olive oil Voionoft and Alexandiescu administered a mixture 
of tai, h}dious w'ool fat aniline oil and tolu\ lencdiamine In mouth to 
10 lats and obseived the de\clo])mcnl of carcinoma of the stomach m 1 
Tam found tumoi-hke changes resembling carcinomatous areas m the 
w^all of the foiestomach in mice reccning tar by mouth l^offo found 
that ingestion of fats that had been oxidized by heating and added to the 
ordinal} food (bread and milk) of the white lat legularl} piovoked in 
these animals ulcer, papilloma and adenocaicmoma of the cardiac and 
pyloiic chambers of the stomach duiing an exjiei imental period of two 
yeais He ascribed the cancel -pi oducing role of these fats to the 
foimation of oxycholestei ol He also leported that in the lat ingestion 
of a diet containing cholesterol inadiated by the sun or wnth ultraMolet 
ra}s results in gastiic adenocarcinoma Waterman’" found that cho- 
lesteiol oleate admmisteied oially alone, without any addition of knowai 
cai cmogenic substance, produced malignant changes m the stomach In 4 
animals infiltrating iiapilloma wulh hypei keratosis w'as produced and 

6 Uehhnger, E , and Sehurch, O Deutsche Ztschr f Chir 251 12, 1938 

7 Ilfeld, F W Am J Cancer 26 743, 1936 

8 Fibiger, J T Cancer Research 4 367, 1919 

9 Cramer, W Am J Cancer 31 537, 1937 

10 Creighton, C Some Conclusions on Cancer, London, Williams &. Norgate 
Ltd , 1920, p 120 . 

11 Mercier, L, and Gosselm, L Compt rend Soc de biol 113 669, 1933 

12 Voronoff, S , and Ale\andrescu, G Neoplasmes 8 129, 1929 

13 Tam, I Tr Jap Path Soc 21 715, 1931 

14 Roffo, A H Bol Inst de med expei para el estud y trat d cancer 48 
407, 1938 

15 Roffo, A H Bol Inst de med exper para el estud y tiat d cancer 46 
589, 1938 
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an 1 true adenocai cinonia of the stomach Waterman^® also fed a 
0 4 pet cent solution of benzpjiene an lard to 6 mace, seveial anallagrams 
being consumed daily by each animal In 5 animals squamous cell carci- 
noma of the stomach developed an fiom one hundred and twelve to 
thiee hundred and thnty-six: days, and an 4 of these there weie metas- 
tases to the lymph nodes, peiitoneum, livei, spleen or lung Van Pio- 
haska, Brunschwig and Wilson found that, of 48 mace leceiving 
methylcholanthi ene orally and obseived foi periods ranging up to one 
hundred and eighty-six da}s, 2 presented benign squamous epithelial 
papilloma of the fundus of the stomach There have been a numbei of 
lepoits of negative attempts to produce cancer of the stomach by oral 
administration of caicinogemc hydrocarbons The experiments leported 
by Kinosita^® on the development of gastric tumors in rats receiving 
buttei )fellow, teti ameth 3 ddiaminobenzophenone and aminoazobenzene 
orally have not been sufficiently controlled to lule out the possibility of 
vitamin A deficiency as an etiologic factoi m the production of the 
lesions described bif him 

EXPERIMENTAL PROCEDURE 

Tliirt}’- strain A male mice aged 3 months were einploj'ed m this experiment 
The mice were obtained from the Roscoe B Jackson Memorial Laboratory, Bar 
Harbor, Maine They were maintained on a diet of dog chow exclusively 
except for the first few days after being received in this laboratory, during 
which time the diet was supplemented with bread and milk Tap water was allowed 
treely at all times When a mouse was to be given an injection it was anesthetized 
with pentobarbital sodium, and the stomach was exposed through a midline abdomi- 
nal incision The stomach of the mouse is composed of two chambers, sharply 
demarcated from each other on both the internal and the external surface of the 
viscus The left, or cardiac, chambei is lined by squamous epithelium diiectly 
continuous with that of the esophagus The pyloric chamber, which is continuous 
with the cardiac chamber, is lined by glandular epithelium, similar to that of other 
mammals, and terminates m the duodenum A solution of methylcholanthrene in 
liquid petrolatum was injected into the anterior ivall of either the cardiac or 
pyloric chamber or both The solution contained 10 mg of methylcholanthrene per 
cubic centimeter of liquid petrolatum and was injected in the dose of 0 03 to 0 05 cc 
The solution became clear when heated to 40 C , at which temperature it was 

16 Waterman, N Acta cancrol 2 375, 1936 

17 van Prohaska, J , Brunschwig, A, and Wilson, H Arch Surg 38 328, 
1939 

18 (a) Reinhard, M C, and Candee, C F Am J Cancer 26 552, 1936 

(b) Obeiling, C , Sannie, C , Guerin, M, and Guerin, P Bull Assoc fraiiQ p 
I’etude du cancer 25 156, 1936 (r) Cook, J W , Haslewood, GAD, Hewlett, 
C L , Hieger, I , Kennaway, E L, and Mayneord, W V Am J Cancer 29 
219, 1937 (d) Lorenz, E, and Stew^art, H L Unpublished data (r) Water- 
man i** (/) van Prohaska and others 

19 Kinosita, R Tr Jap Path Soc 27 665, 1937 

20 According to the Purina Mills Company, the chow contains the following 
ingredients protein, 20 pei cent, fat, 3 per cent, carbohj^drate 56 per cent, ash, 

6 pel cent, and water, IS per cent, wuth Mtamins A and G added 
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injected The clinical course of most of the animals remained satisfacton through- 
out the evperiment In some animals palpable inflammatory masses de\ eloped in 
the upper pait of the abdomen o\er the stomach Tlie sur\i\al periods were as 
follows 1, 1, 7, 6, 3, 4, 2 and 3 mice Ined for six, eight, ten, twchc, thirteen 
fourteen, sixteen and se\entecn months, respcctueh , 3 died postoperatneh 
All the mice ^\cre examined post mortem except 1 mouse whicli \\as partiallv eaten 
by Its cage mates 

OnSLR\ ATIONS 

In 4 animals squamous cell caicmoma of the stomach developed, 
and m 4 squamous papilloma of the stomach The 4 mice w ith caicmoma 
of the stomach y\eie submitted to autopsy ten, fouitecn, fourteen and 
se\enteen months, lespectneh, after the injection of the carcinogen, the 
4 mice V ith papilloma of the stomach, ele\ en, thii teen, sixteen and sixteen 
months aftei tieatment lesjiectively In addition to the tumois the 
following lesions ^\ele noted m difieient animals at autopsy hyperplasia 
of the gastiic mucous membrane chionic jienlonitis with adhesions in 
the uppei pait of the abdomen multiple adenomatous tumois of the 
lung, chronic nephiitis lymphoma, abscess of the Incr, spleen and 
piostate gland, ciiihosis, amyloidosis chionic pancreatitis, pyloiic 
obstiLiction, hemoirhage into the colon and stomach and ulcerative 
del matitis 

No tumois developed m 13 control mice with pieces of iintieated 
3'ain soaked in laid or m liquid petrolatum oi with plain cotton thread 
stitched into the w'all of the stomach 

Papilloma — There w'eie 4 cases of papilloma of the stomach Two 
of the tumors were sohtaiy small gray nodules, 4 mm and 6 mm in 
diametei, respectnel}, each piojecting mto the lumen of the cardiac 
chambei of the stomach (fig 1 A) The othei 2 lesions w’eie small 
and scarhke, and invoked the mucous suiface of the stomach The 
latte: tumois weie indistinguishable giossly fiom the scan mg and 
thickening of the gastiic w^all wdiich occinred occasionally as a lesult 
of mflammatoi}’’ changes evoked by the presence of the hydiocaibon 

Micioscopic examination levealed that m 3 of the cases the lesion 
was located at the junction of the cardiac and pyloiic chambei s, wdiile 
in the other case it w^as confined to the cardiac chambei Stiiicturally 
each tiimoi consisted of a ceiitial stalk of connective tissue covered 
w Ith squamous epithelium In 3 cases the stalk supporting the papilloma 
w^as bioad and in the other case naiiow and high The surfaces of the 
flat lesions iveie studded with spinelike projecting papillae The covering 
cells w^eie fairly^ legulai, well dififeientiated stratified squamous epithe- 
lium Mitotic figuies were infiequent in 3 cases, and m the fourth case 
from two to foui w’^ere obseived in several single high power fields The 
epithelial covering of the tumor merged abiuptly wuth the mucous 
membiane of the stomach on either side of the lesion, without any- 
marked hy^perplasia of the cells at the zone of transition but wntli 
slight hyrperkei atosis in this legioii in 1 case The connective tissue 
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Fig 1 A, squamous papilloma of the cardiac chamber of the mouse stomach 

produced by injecting a solution of methylcholanthrene in liquid petrolatum into 
the wall of the stomach sixteen months previously, X 25 B, portion of the cardiac 
chamber of the stomach of a mouse, showing papillary squamous cell carcinoma, 
X 10 The mouse had received an injection of methylcholanthrene in liquid 
petrolatum into the wall of the stomach seventeen months previously 
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stioma was composed of adult fibi oblasts wilb a few well formed blood 
vessels and m 1 case numeious mflammator\ cells The smooth line of 
demai cation between the epithelium and the underhing stioma, ^\hlcll 
IS chaiacteristic of a papilloma, was not ahva\s maintained On the 
contiai}, theie was a tendenc} m all specimens foi masses and strands 
of squamous cells to penetiate, in limited numbers, the undeilyme; 
stroma, becoming ap])aientl\ scpaiated fiom the surface cells In 3 
cases this cellulai infiltration did not go be\ond the basement membrane 
of the gastiic mucosa in 1 case there was a small epithelium-lined 
cyst in the submucosa, adjacent to the muscular wall ot the stomach 

Cai cuwnia — There w’eie 4 cases of carcinoma of the stomach The 
lesions measuied fioin 5 to 9 mm in diametei On cioss section each 
consisted of a round gra\ nodule elevated S mm oi so abo^e the 
sui face level of the mucous membiane of the cardiac chambei ffig IB) 
and all but 1 involved the anteiioi w^all of the viscus The lattei was 
situated on the posteiior infeiioi inaigin some little distance from the 
point of injection Thice lesions had finel\ granulai sui faces, the 
fouith W'as a ciatei-hke ulcer, covered wMth clotted blood and the lumen 
of the VISCUS was filled with blood In 2 cases the tumor on the mucous 
SUI face of the stomach w'as continuous with a rounded umbiheated 
lesion on the pentoneal sui face The surrounding gastric wall was 
puckeied and leti acted on all sides tow'ard the pentoneal extension of 
the tumoi In 1 case a portion of the liver adherent to the seiosa of 
the stomach opposite the tumoi contained a small abscess 

Microscopicall)' the malignant tumors weic papillan squamous cell 
caicmoma, showing extensive keratini7ation of the covering epithelium 
Each was located in the caidiac chambei The gastiic mucous membrane 
at Its junction wnth the lesion w-as hypei ])lastic and h) peikeratotic One 
tumoi w'as ulceiated with the base of the ulcei situated at the level ol 
the cnctilai musculatuie The lumen of the stomach in this case was 
filled with blood Eveiy lesion exhibited frank mfiltiation of tumor cells 
into all the coats of the viscus The infiltiatmg epithelium was com- 
posed of basal cells, prickle cells and flat squamous cells wdiich w'eie 
atypical in size, shape and staining and show^ed numerous mitotic fig- 
uies (fig 2 A) The centeis of the cellulai masses frequent!} con- 
tained concentiic layers of keratin, but in 1 tumoi some of them w^eie 
empty, suggesting an alveolar structuie wath a squamous lining In 1 
case there w^ere nests of epithelium wnthin thm-w^alled vessels either 
lymph vessels or blood vessels situated betw^een the two muscular layeis 
of the gastiic w’’all (fig 2 B) The stioma of all the tumors w^as infil- 
tiated wnth mflammatoiy cells, wdneh w'eie especially numerous along 
the couise of the permeating tumor cells In the case in wdiicli the livei 
was abscessed and adheient to the w'all of the stomach opposite the 
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Fig 2 — A, an area of the tumor illustrated in figure 1 B, X 140 In this field 
there are masses and cords of atypical squamous epithelium infiltrating the wall 
of the stomach B, the muscular wall of the gastric tumor shown in figure 1 B and 
figure 2 A, X 400 The peritoneal surface is visible in the lower portion of the 
illustration Between the muscle coats are two isolated masses of tumor cells 
uithin thin-walled vessels 
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caicinoma thcie ^\ele masses of keratin in the center of the abscess In 
2 cases small nodules composed of tumor cells ^\cle adherent to the 
external surface of the peritoneum 

In 1 case hits of tissue fiom the squamous cell caicinoma of the 
stomach weie tiansplanted into 6 male strain A mice, the transplants 
ueie inserted suheutaneousty in the axilla m 3 animals and into the 
peiitoneal cavity m 3 animals Three \\eeks latei 1 mouse uith an 
axillaiy transplant and 3 mice with intiapei itoneal transplants showed 
laige tumois at the sites of inoculation Transplants uere then made 
fiom these inoculated tumois into coi responding locations m 6 stiain 
A mice, and large tumois dc\ eloped in 2 of these -within one month All 
the tumois that de-\ eloped from the tiansplants weic squamous cell 
caicinoma moiphologically identical with the original tumor of the 
stomach fiom w'hicli the} weic obtained 

commi:at 

The lesults of this expeiiment seem to indicate that the mucous 
membrane of the stomach of the mouse, although susceptible to expeii- 
mental induction of tumois, is relatnch lesistant to the caicmogenic 
action of methylcholanthrene as compaied with othei bod} tissues simi- 
laily tieated on wdiich data aie available foi compaiison In only 8 
of the 30 mice given injections in this expeiiment did tumors of the 
stomach develop It w'as not possible to deteimme accuiately the latent 
peiiod of tumor development, because the stomach was not inspected 
diiectly and abdominal palpation was of diiect aid in detei mining the 
onset of tumoi Howe\er, a lough estimate of the time lequired foi 
the lesions to attain the piopoitions noted at the postmoitem examina- 
tion may be gamed fiom a consideration of the peiiod which elapsed 
between the injection of the agent and the autops} on the animal This 
peiiod averaged fouiteen months both foi papilloma and for caici- 
noma This is consideiably longei than the a\erage time lequired foi 
.bulkier cutaneous or subcutaneous tumois to develop in mice of this 
stiain tieated with equnalent doses of methylcholanthiene Additional 
evidence indicating the lelatively gi eater lesistance of the gastiic epi- 
thelium of the mouse to induction of tumois w'^as obtained in anothei 
expeiiment in which pieces of yam soaked in a 5 per cent solution of 
methylcholanthiene in laid weie stitched into the w^all of the stomach 
m 14 CgH mice, m none of wdiich did gastric tumors develop although 
7 animals suiwived the experimental pioceduie by ten to seienteen 
months In the present experiment, although the solution of methvlcho- 
lanthiene in liquid petrolatum was injected into the wall of both the 
caidiac and the glandular chambei, the tumor arose onl}^ in the caidiac 
chambei, and in each instance it was of the squamous cell type thus 
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indicating still gieatei lesi stance on the pait of the glandulai mucous 
membiane of the stomach to the caicmogemc effects of methylcholan- 
thiene as compared with the mucosa of the foiestomach 

The negative lesults fioni many attempts to pioduce gastiic tumois 
by feeding caicmogemc h}diocaibons has been thought to depend on 
the total insusceptibility of the gastric epithelium to the action of these 
agents oi on the lack of absoiption oi on a chemical change occuning 
as a lesult of digestion Howevei, certain findings show that the 
lesistance to the induction of tumors of the gasti ointestmal tiact by 
Dial admmistiation of 1,2, 5, 6-dibenzanthi acene to mice is not. due to 
lack of absoiption oi chemical alteiation Loienz and Stewait^®*^ 
showed that pulmonaiy tumors de\elop m mice ingesting 1, 2, 5, 6- 
dibenzanthi acene, indicating that this agent is absoibed m sufficient 
amounts to exeit a carcinogenic action on lung tissue, fuitheimoie, 
the hydrocaibon vas found unchanged, m laige part at least, in the 
alimentai}' canal up to the level of the ileocecal valve That the gastric 
mucous membiane is not totally insusceptible to the caicmogemc action 
of meth 3 dcholanthrene and benzpyiene when these substances are admm- 
isteied orally is pioved by the positive lesults obtained by Waterman^® 
and van Piohaska, Biunschwag and Wilson The present expeiiment 
also shows that the lesistance of the gasti ic mucous membiane of the 
forestomach to the induction of tumois is only a relative mattei 

Fiom the moiphologic description of the lesions obtained in this 
expeiiment, it is apparent that the division of the tumors into papilloma 
and caicinoma was an aibitiary one for the pin pose of classification 
This division w^as made on the basis of the presence oi absence of 
invasion of the deep muscular coats of the stomach by tumor cells 
Such invasion was piesent m the lesions diagnosed as carcinoma, and 
it w'as absent in the specimens of papilloma Howevei , m the specimens 
of papilloma the smooth line of demai cation between the suiface epi- 
thelium and the undei lying stroma w'^as not always maintained Instead 
all these specimens exhibited to some extent excessive growth of epi- 
thelium with extension of tumor cells through this bariiei into the 
undei lying stroma in the form of masses and stiands of cells appaiently 
detached from the suiface epithelium In 1 case there was a mass of 
atypical epithelium below the basement membrane, in the submucosa 
These findings suggest that undei the conditions of this expeiiment 
tiansition stages may occui between papilloma of the stomach and 
caicmoma similai to the development of squamous cell epithelioma 
from benign warts of the skin on an area of the epideimis subjected to 
applications of a carcinogenic agent 

Of the attempts to produce expeiimental tumor of the stomach by 
injection of a carcinogenic agent into the wall of the stomach as leview’-ed 
m the mtioduction to this papei theie are tivo which have a beaiing 
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on the piesent expeiiments llfeld ' inseited j^elicts of ben/p\!ene 
undci the gastiic mucosa of 6 fcncts and 1, 2. 5. 6-dihcn/anthiacene 
j^elletb into the gastiic -wall of a dog \Mth negatnc results alter a ^ear 
Xothing IS kno\\n at piesent legatding the latent ])eiiod of induction 
ot tumoi in the feiiet hut a leceni stiuh In Passev has sliown that 
in the dog it lecjuiies se\eial \cais to c\okc tuinois of the skin b\ 
painting nith a eaieinogenic t.u It tlieicfoie seems that the peiiod 
of ohscnation m Ilfeld's expeiiment might not lunc been long enougb 
loi positne lesults to be obtained Uchhngei and Schuieh' obtained 
saieoma of the stomaeh m 2 of 8 labbits following implantation of a 
mixtuie of mesothoi mm m jietiolatum into the stomach wall It is 
inteiesting that in the piesent exjieiiment. although the caicinogen nas 
likewise injected into the muscular and connectuc tissue of the wall 
of the stomach the tumoi s which denelojied were epithelial m type 

Consideiation has heen gi\en the ])ossibiht\ that the gastric tumoi s 
obtained in the piesent evpeiiment A\cie spont.meous m oiigin Ihis 
possibilit} IS unhkeh, foi spontaneous eaicmoma of the stomach in 
mice is exti-emel} laie Wells, She and Holmes " lejjoitcd that in 
142,000 mice of the She stock, all d\ing of natuial causes and most of 
them of cancel age without cxpciimental manipulation, only 15 A\ere 
found to have a piimaiy malignant neoplasm of the stomach 8 liaMiig 
squamous cell caicinoma of the eaidia, 3 adcnocaieinoma of the pAloius, 
3 appaientl) benign epithelioma and 1 jJiimai} saieoma Reports of 
only 8 othei cases of spontaneous gastiic cancer m mice haAe been 
found in the liteiatuic (Stew ait and Andenont-', Wells She and 
Holmes--’) Of man} thousands of mice of difieient strains and ages 
many of them subjected to vaiious experimental pioccduies emplo}ed 
m this laboratoi}'-, wdnch haAe been examined post moitem dining the 
past seveial }eais, not a mouse has shown a spontaneous or an induced 
malignant tumoi of the stomach Stew'ait and Andeiiont described an 
unusual type of adenomatous hypeiplasia of the gastiic mucous mcin- 
bi ane occui i mg i egulai ly in mice of strain I, but this lesion im olves the 
glandulai mucous membiane and is entiiely difieient stiuctuialh fiom 
the induced tumoi s of the squamous mucosa of the foiestoinach dealt 
with m the piesent leport 

SUJIMARA 

Squamous papilloma of the stomach w^as pioduced iii 4 mice and 
squamous cell caicinoma of the stomach in 4 mice of stiain A by injec- 
tion of a solution of methylcholanthi ene in liquid petiolatum into the 
antenoi wall of the stomach of either oi of both gastric chambers 

21 Passey, R D J Path & Bact 47 349, 1938 

22 Wells, H G , Slye, M , and Holmes, H F Am J Cancer 33 223, 1938 

23 Stewart, H L, and Andervont, H B Arch Path 26 1009, 1938 



STUDIES ON RESISTANCE TO TRANSMISSIBLE 
LEUKEMIA IN MICE BY MEANS 
OF PARABIOSIS 
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Paiabiosis ofteis an excellent means of investigating the lole of 
hunioial factors in lesistance and susceptibilih to tiansmissible neo- 
plasms Seveial investigators have ahead}' used this method in a search 
fot circulating antibodies m the seiums of laboiatoiy animals lesistant 
to transmissible neoplasms, but their results weie contradictoiy 
Transmissible leukemia of mice, a neoplasm of the blood-forming organs, 
IS fatal after a definite duiation of illness, characteiistic foi each strain 
This permits a relatively accurate determination of factors that may 
modify the couise of leukemia We ha\e undei taken a study of the 
hypothetic factors of resistance and susceptibility to leukemia by the 
method of parabiosis 

In 1863 Paul Bert, an anatomist, stud 3 ing the pioblem of trans- 
plantation, united two lats by suturing togethei their skin, muscle and 
peritoneum (quoted by Mdller-Christensen In 1908 Sauerbruch 
and Heyde ' desciibed an operation designed to make a peiinanent 
union between two animals by cehoanastoinosis, and named the condi- 
tion lesulting from this operation parabiosis Rats were found to be 
most suitable, but guinea pigs, mice, labbits, monkeys and othei 
animals were also successfully united Bunster and Meyer “ modified 
Sauerbruch’s technic by sutuiing the foui leaves of the peritoneum 
together, thus eliminating a common peiitoneal cavity and excluding 
herniation of intestinal contents fiom one animal to the othei 

From the Departments of Pathologj’^ and Surgerv of the New York Hospital 
and Cornell Umversitj' Medical College 

These investigations have been supported bv grants from the International 
Cancer Research Foundation, The Jane Coffin Childs Memorial Fund for Medical 
Research, and the Anna Fuller Fund 

1 Mdller-Christensen, E Acta path et microbiol Scandmav , 1935, supp 

22, p 1 

2 Sauerbruch, F, and He 3 'de, M Munchen med Wchnschr 55 153, 1908 

3 Bunstei, M, and Meyer, R K Anat Rec 57 339, 1933 
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Paiabiosis has been used in studies of metabolism, immunity to 
infection, lesistance to tumois and, moie iccentl}, lioimones (M^llcr- 
Chiistensen 

Seveial m\estigatois baAC studied the pioblem of immunity to 
tumois by means of paiabiosis, but the lesults aic not uniform Rous ^ 
united tumoi-beaimc;’ rats A\ilh rats that pioved lesistant to three 
successive injections of the same tumoi and noted no eflect on the 
tiimoi giowth The lesults of Rous A\ere confiimcd b\ IMoipurgo,'^ 
uho tiansplantcd saicoma to susceptible lats that Avcie connected with 
lesistant ones The lesistant lats did not cxeit ain influence on the 
tumoi giowth Albiecht and Hccht " tiansplantcd tumoi into one of 
parabionts and found that the tumoi gicw moie slowh in the parabiont 
than m single mice The\ concluded fiom then expciimcnts that the 
noimal paiabiont inhibited giowth of the tumoi transplanted in the 
pai abiotic host If the} sepaiatcd the mice, the tumoi grew moie 
rapidly Lambert" united lats that weie inoculated with mouse tumor 
with noimal mice and found that the giowth of the mouse tumoi in the 
lats W'as promoted b} this union He assumed that this was brought 
about b} passage of nutiitnc matciial fiom the mouse to the rat 
Recently Fischei ® united mice beaimg spontaneous tumois with normal 
mice and obseived acceleration of the tumor giowth 

JIATERIAL AND I^ICTIIODS 

TJic mice used in tins stud\ were members of stocks A, R and S, which ha\e 
been inbred in this laboraton since 1928® Mice of stock C were obtained 
from the Roscoc B Jackson Memorial Laboratory, Bar Harbor, Alainc Tlie 
susceptibiliti of stocks A and R to different strains of leukemia has been established 
through numerous experiments Iilice of stock R are resistant to leukemia that 
originates in stock A but susceptible to leukemia appearing in stock R, and 
vice versa Stock S is partially susceptible to leukemia occurring in stock A, 
and Auce A'ersa 

The interval between inoculation of leukemic cells and death from leukemia 
varies with different strains of leukemia Most of the transmissible strains of 
lymphoid leukemia used in this study caused death of single susceptible animals 
approximately one to three -weeks after inoculation The myeloid and monocitic 
strains had a more chronic course Parabiotic and control mice rccen^ed, m the 

4 Rous, P J Exper Med 11 810, 1909 

5 Morpurgo, B Frankfurt Ztschr f Path 34 341, 1926 

6 Albrecht, H , and Hecht, V Ccntralbl f allg Path u path Anat 20 

1039, 1909 

7 Lambert, E A J Exper Med 13 259, 1911 

8 Fischer, R Deutsche Ztschr f Chir 249 616, 1938 

9 (a) Furth, J , Seibold, H R , and Rathbone, R R Am J Cancer 19 521, 

1933 (Zi) Richter, M N , and MacDowell, EC J Expei Med 57 1, 1932 
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tail vein, 0 1 cc of a suspension of leukemic cells in Tyrode’s solution, obtained 
usuall} from the spleen of a leukemic mouse This suspension contained approxi- 
mateh 10,000 cells per cubic millimeter Mice that died of diseases other than 
leukemia before the expected time of death from leukemia ^\ere omitted from 
the tables Usually mice of the same sex, approximately 6 to 12 weeks of age, 
weie united In man}' instances, when one mouse died its paiabiont was separated 
surgicall} and subsequenth observed for a period of from several days to two 
months 

The technic used w as that of Sauerbruch - as later modified by Bunster and 
Me\er® Brief!}, it consists in union of two animals bv means of peritoneum, 
abdominal muscles and skin, with scapulas sutured togethei for firmer support 

In preliminary experiments it became apparent that shorth after operation 
the mice began to strain and tear the cephalad end of the suture line In order 
to prevent this, a neckband of aluminum, measuring approximately 8 bv 0 3 by 0 1 
cm, parti} covered uith adhesne tape, was fitted around the neck of each mouse 
and joined at the time of operation 

EXPHRIMENTS 

The expel iments will be described in foui gioups In group 1 
two mice susceptible to leukemia weie united In gioup 2 a susceptible 
and a lesistant mouse were joined, and the susceptible mouse was 
inoculated with leukemic cells In group 3, also consisting of paiied 
susceptible and lesistant animals, the resistant animal was inoculated 
In group 4, susceptible mice weie united with mice of a stock that 
was partiall} lesistant to the strain of leukemia used, in some instances 
the partially resistant, m otheis the susceptible mouse, was inoculated 

Inoculation of Pai abiotic Tn'ins Both of Winch IVcie Susceptible 
to Leukemia — Since a tumoi giaft is influenced by the general health 
of the animal, it seemed desiiable to determine what effect, if any, 
union with another susceptible mouse would have on the course of 
leukemia in an inoculated susceptible animal as compaied with an 
inoculated single mouse This senes of expeiiments would show also 
whethei leukemic cells pass from the inoculated susceptible to the 
uninoculated susceptible mouse 

The results of the injection of leukemic cells fiom four diffeient 
stiains into one of two susceptible parabionts are shown m table 1 
In 8 of the 9 parabiotic twins, both mice died of leukemia The leukemic 
infiltrations were almost as advanced in the uninoculated as m the 
inoculated animal The average length of life aftei inoculation of the 
pai abiotic mice was approximateh the same as that of single contiol 
mice given siinilai injections 

Inoculation of Paiabiohc Twins of Which One Mouse Was Sus- 
ceptible, the Other Resistant — (a) Inoculation of the Susceptible 
Mouse These expeiiments were perfoimed to determine wdiethei the 
inhibiting factors present m the resistant animal would pass fiom 
the resistant uninoculated animal to the susceptible inoculated one. 
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theieby cithei i)ic\onting oi del.ning tlic devcloiJnKiit of leukemia 
'J he ‘susceptible mice weic inoculated intra\cnoush fiom one to 
t\venty-se^en da}s befoic .ind fioin tbiec to se\en d.i\s after parabiosis 
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* In all tlic tables the abhrei latloii' ikkI ar< as follows o H, lobrlil inlet betwetn C anti 
K iniec, tk R lijbrlcl ntlee iKtweui \k anil R inlii , \k-R, \k inoii'i in parabiosis with E 
mouse +, inoeulation suetessfui, inoculation unsiutissfiil I>, dli li K, kllleil The llkurts 
followint, D and Iv indleate the number of da>s after Inonilatlon 

t Strain Rfb iS"i Is inonoejtle, Ila 2 0 and lib -1 an hnipbold, and Sib kit i« in>iIold 
(chloroltuki nila) 

l! 'Jills parabiont inoculatid witli clilorolcuktiiila Sib )')1 fallid to show the dlsui'c 
althouth both control mice suttumbid to it 'ibis strain of t lilorolt iikimla eleld' larlible 
results and in occasional e\iKrlmint« moeulated inltc rinialii btaltbe 
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\kf 7 

3 

-f D9 

— K70 

130 

Ifcf-Ak Ref 

\kf 5 

7 

+ D 7 
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* Stidin Akf 5 Is acute Ijmplioid leukemia 
t Strain Akb IOC is chronic mjoloid leukemia 


was effected It was believed that if the susceptible mice were inoculated 
befoie union the leukemic cells would multiply and would be moie 
numeious at the time of operation, so that a laige numbei could pass 
to the resistant parabiont 
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Of the 7 susceptible paiabionts inoculated fiom one to t\\ enty-seven 
days befoie opeiation, 6 died with advanced leukemia from eleven to 
sixty-nine days aftei inoculation Both susceptible mice inoculated 
three and seven days aftei opeiation died with leukemia nine and 
seven da}^s, i espectively, aftei inoculation In no unmoculated resistant 
mouse did leukemia de^eIop 

In each experiment with hniphoid leukemia, from 3 to 6 normal susceptible 
mice were inoculated All died with leukemia from ten to thirteen days after 
inoculation 

Of 7 mice inoculated with mjeloid cells of strain Akh 106 (controls to twnns 
155 and 157), 6 were killed at an advanced stage of the disease, fortv-three days 
after inoculation In a later experiment all 8 mice inoculated (controls to twins 
181 and 182) w'ere killed and showed advanced leukemia tw'enty-seven days 
after inoculation 


Table 3 — Inoculation of Resistant Mouse in Paiabtosis zvifli Susceptible, Mouse 
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Akf 5 
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— K4G 
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Af9-AkR9 

Akf 5 

2 

- Kll 

+ Pll 

99 

Ak R9-R9 

Akf o 

1 

— D20 

— P20 
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Vk R9-R9 

Akf 5 

3 

— K19 

+ K19 

179 

Ak R9-R9 

Akf 5 

3 

— DI3 

+ D41 

ISl 

Ak R 9-R 9 

Akf 5 

9 

— K SO 

— D36 


{h) Inoculation of the Resistant Mouse The results summaiized 
m table 3 show that in none of the resistant inoculated mice did 
leukemia subsequently develop wheieas appi oxnnately one half of the 
unmoculated susceptible mice died of this disease from eleven to 
foity-one days aftei inoculation Single susceptible mice inoculated 
with this strain died of leukemia from nine to eighteen days aftei 
inoculation 

The resistant inoculated mouse in pair 179 died thirteen days after inoculation 
The susceptible parabiont was separated surgically and died of leukemia tw'enty- 
eight days after separation The passage of malignant cells must haie occurred 
within thirteen days after operation 

Pievious experiments have shown that the ’ength of life aftei inocu- 
lation IS in inverse i elation to the inoculating dose The long and 
vaiiable interval between inoculation of the lesistant and death of the 
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umnoculated susceptible pai.ibionts can be explained b\ assuming that 
most of the cells ixiiished in the inoculated lesistant mice and that onh 
small vaiiable numbcis of leukemic cells enteied the cii dilation of the 
susceptible mice 


Table 4 — Inoculation of Moutc of Paitially Resistant Stock in 
Paiahiosis tvith Susccftiblc Mouse 
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Table S — Inoeulation of Susceptible Mouse in Paiahiosis 'tilth Mouse of 

Paitially Resistant Stock 


Result of Inoculation 
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3 
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Uf 1 

"> 

+ D9 
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159 
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1G7 
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Akii lOG 
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4k B9-S9 
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2^ 
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134 

AkR9-'59 

Akf 1 

D 1 } s Between 
Operation and 
Injection 

s 

+ DO 

— K 70 

137 

Ak B9-S9 

4kf 5 

2 

+ DO 

— KO 

13S 

Ak B9-S9 

Akf 5 

S 

+ D0 

— KO 
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Ak B9-S9 

Akf 5 

C 

+ D 13 

— D13 


Inociilahon of Paiahiohc Twins of Which One Mouse Was fiom 
a Susceptible, the Othei jiom a Paitially Resistant Stock — ^At the time 
when the Ak R h)'bnds were paned with S mice we considered the 
S mice not susceptible to leukemia of stock Ak, but unexpectedly 
several of the inoculated S mice died of leukemia 

(a) Inoculation of Mouse of Paitially Resistant Stock The 
experiment included nine pairs of mice Table 4 shows that the sus- 
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ceptible uninoculaleci paiabionts of six pans died of leukemia fiom 
thiiteen to fifty-one da}s aftei inoculation of the paitially resistant 
paiabiont Thiee of the inoculated, supposedly lesistant parabionts also 
died of leukemia In the lemaining thiee pairs, 5 mice died and 1 
was killed fiom twelve to fouiteen days aftei inoculation and showed 
no evidence of leukemia 

The lesults of this expeiimeiit necessitated i emvestigation of the 
susceptibilit} of the S stock to l 3 unphoid leukemia of stock Ak Twenty- 
eight single mice of the S stock weie inoculated, and 10 of these died 
of leukemia fiom nine to twenty-three da 3 rs aftei inoculation 

The lesults of the experiments shown in table 4 indicate that of 
the S mice inoculated, some ueie susceptible and others weie resistant 
to leukemia 

{b) Inoculation of the Susceptible Mouse This gioup comprises 
twelve pairs of mice, in which 8 susceptible mice were inoculated 
before and 4 weie inoculated aftei operation Table 5 shows that all 
of the inoculated susceptible (AkR) mice died with leukemia but 
that with a single exception the uninoculated S mice lemained health 3 '' 

OBSERVATIONS ON IHE CIRCULATION BETWEEN PARABIOTIC MICE 

Numerous investigators have attempted to demonstiate that theie 
is a communication of l 3 miph and blood capillaiies between parabionts 
(Mj^llei-Chiistensen ^ , Rossle’®, Ma3'^eda^S Saueibruch and Heyde“, 
Morpuigo ^-) Sauerbiuch and Heyde - injected iodine into a parabiotic 
rat and lecovered it in th^ urine of the nontreated parabiont within 
fort 3 -five minutes aftei the injection Volumetiic studies following 
intraA'^enous or intracardiac injections of brilliant red (HilM®) showed 
that the d 3 ’'e is piesent in the same concentration m each of the para- 
biotic lats in approximately six houis Immune bodies (Friedbergei 
and Nasetti and bacteria (Sauerbruch and Heyde Ranzi and Ehr- 
lich , Steinei and Steinfeld pass from the paiabiont into which dye 
was injected into the other parabiont When india ink was injected into 
the heart of a parabiont (Goldman, quoted by Saueibruch and Heyde 
both animals had deposits of black particles m liver and spleen 

10 Rossle, R Virchows Arch f path Anat 300 31, 1937 

11 Ma 5 ^eda, T Deutsche Ztschr f Chir 167 295, 1921 

12 Morpurgo, B Verhandl d deutsch path Gesellsch 14 259, 1910 

13 Hill, R T J Exper Zool 63 203, 1932 

14 Fnedberger, E , and Nasetti Ztschr f Immunitatsforsch u exper Therap 

2 509, 1909 

15 Ranzi, E , and Ehrlich, H Ztschr f Immunitatsforsch u exper Therap 

3 38, 1909 

16 Steiner, G, and Steinfeld, J Klin Wchnschr 6 1597, 1927 
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Zacheil’" showed that the leukocyte counts of the i)arahionts often 
diflei conspicuoush , and numerous ohse!\ritions of our own confiini 
this finding The incehanism that niaint.uns tlie nunihers of leukocytes 
and ei ythioc'y tes in each jiaiahiont is not o\ercome h\ the union, and 
It IS not known to wdiat extent easculai eominunications exist between 
pai abiotic mice 

The passage of plasma between jiaiahfonts was iinestigated b} 
injecting into one of the paiied mice mouse or rabbit seium containing 
agglutinins against Bacillus tjjihosus and then titiafmg the agglutinins 
m the blood of both mice The titeis of the agglutinins m one pan 
foiii hoiiis after the injection of the agglutinating sciuni <ire gi\cn in 
table 6 

The titeis foi a second jiair weie highei hut the ratios weic similai 

Since immune globulins <irc among the largest substances in the 
seuim, It can be assumed that Inpothetic humoral substances inhibiting 

7Anrc 6 — Pamge of Plavua Bdioccn Pai ahtoiits As Shoxeti by 
Tiaitsfti of Ai/glulDiim 


Tit<rof (it Gltin Dilution of Siriini 

, — 

1 a 10 1 IS 1 ■)! 1 102 1 ISO 

Pornhiont ixhcn l/ijtctlon - +-{. ~ ~j- j-+ 0 

Pnnibiont not t,i\on Injection • — . -i -4 4 i- 0 

Nonnnl mouse (control) 0 0 


the giow^th of malignant tumors if piesc^it m the eii dilation of one 
mouse w'ould pass freely to its paiabiont 

The experiments desciibed in wdiich leukemic cells injected into 
resistant mice pioduced leukemia in then unmoculated susceptible 
paiabionts indicate that wdiite blood cells pass from one animal to 
the other 

Since the eij^thiocytes of a mouse aie smallei than the leukocytes 
it seemed probable that they pass fiom one paiabiont to the othei in 
larger numbers than do the leukocytes The passage of erjthiocytes 
from one paiabiont to the othei wds demonstiated in tw'^o ways 

1 Rat erythiocytes injected intiavenously into one parabiont wcie 
demonstrated m the blood of the othei by agglutination tests A 
t) pical experiment was as foIlow^s 

Eleven days after establishment of parabiosis 0 3 cc of heparinized rat blood 
was injected intravenously into one parabiont, and thirty and sixty minutes later 
0 5 cc was injected Agglutination tests were made twenty minutes, one hundred 
and twenty minutes, twenty-four houis and forty-eight hours after the first injec- 
tion with the serum of mice that had received repeated injections of washed 
rat erythrocytes The results are given in table 7 


17 Zacherl, H Strahlentherapie 23 272, 1926 
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Fig 1 — Site of anastomoMS between a mouse with transmitted mjeloid leukemia 
and a nonleukemic parabiont hematoxslin and eosm , approximate!} X 15 il/ 
indicates groups of immature nueloid cells in the tissues of the susceptible mouse 
Such cells are absent in the tissues ot the resistant mouse 



Fig 2 — Higher magnification of the area indicated in figure 1, approximate!} 
X 80 There is extensive infiltration bv leukemic cells in the subcutaneous tissue 
of the susceptible mouse, but no leukemic cells are present in the neighboring tissue 
of the resistant mouse 
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This expel iment shows that lat ei 3 thioc}tes were present in small 
numbeis in the blood of the nontieatcd parabiont tw'cnt\ minutes after 
its twnn had leceucd the hist injection and large numbeis of rat 
ei}thiocyfes w'eie piesent one bundled and twent) minutes after 
this hist injection 

2 When 0 3 cc of hepai linked chicken blood was injected icpcatedl} 
mtiavenously into one mcmbei of a parabiotic pair cle^en d.ns aftei 
union, the tjpical nucleated OAal avian er\thioc\tes weie found in the 
oigans of the mouse wdiich had lecened no injection 

Since eiythiocytes aic nonmotile, then presence m the mouse wdiich 
had recened no injection establishes the piesence of blood ^ascular 
channels between pai abiotic mice 

Microscopic examination of the sites of anastomosis failed to show 
an}' extravasculai migiation of leukemic cells from one animal to the 

T \BLE 7 — PassaejL of Rat Ei ytliiocvlcs Bctzicci: Parabxonhc Mice as Sbozvit b\ 

lq(jhttmatwii Jests 
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Other Figuies 1 and 2 show' the site of anastomosis betw'een a mouse 
w'lth myeloid leukemia and a lesistant mouse There is perfect union 
of the skin Theie is advanced leukemic infiltration m the subcutaneous 
tissue of the leukemic mouse close to the site of union, but the sub- 
cutaneous tissue of the resistant animal at a distance of a few' bundled 
micions IS free fiom infiltiation Theic aie many capillaiies and 
dilated lymphatics, as desciibed by Rossle^” 

COMMENT 

A¥hen viable leukemic cells weie inoculated into a susceptible mouse 
111 paiabiosis w'lth anothei susceptible mouse, leukemia dei eloped in 
both Since it has been shown that leukemia can be transmitted 
only by the mtioduction of viable leukemic cells, this obseivation 
indicates that the malignant cells passed fiom the inoculated to the 
uninoculated animal The leukemic infiltiations of both the inoculated 
and the uninoculated mouse weie about equally extensive, and both 


18 Furth, J J Exper Med 61 423, 1935 Furth and others » 
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died appioximately the same niimbei of days aftei inoculation as 
single susceptible contiol mice similaily inoculated Hence parabiosis 
has no influence on the susceptibility to leukemia oi on the length of 
life aftei inoculation 

When susceptible and lesistant mice were paiied and the former 
were inoculated with leukemic cells, leukemia developed in all but 1 
of the susceptible and in none of the lesistant mice This shows that 
neithei lesistance noi susceptibility was conveyed fiom one pai abiotic 
animal to the othei The life of the susceptible mouse was not pio- 
longed by union with the lesistant paiabiont 

Inoculated resistant mice m parabiosis with susceptible mice failed 
to show leukemia, while in many of the susceptible uninoculated mice 
leukemia developed This again indicates that neithei susceptibility noi 
lesistance was tiansfeiied fiom one paiabiont to the other In many 
instances viable malignant cells passed from the inoculated resistant 
to the uninoculated susceptible animal, as indicated by the development 
of leukemia m the lattei In other instances the leukemic cells weie 
probably destro3^ed m the inoculated resistant mouse and viable leukemic 
cells failed to enter the susceptible animal 

Mice of a stock paitially lesistant to ceitain stiains of leukemia did 
not acquire leukemia m a highei percentage of cases when inoculated 
with leukemic cells while joined m parabiosis with susceptible mice 
than when inoculated singly, nor was the couise of the disease modified 
by this procedure When paitially resistant animals were joined to 
susceptible mice and the lattei inoculated, leukemia developed m only a 
veiy small peicentage of the partially lesistant ones, although all the 
susceptible mice died of the disease This indicates that the mice of 
the partially resistant stock in most cases weie able to destroy the 
small numbers of leukemic cells that i cached then circulation 

The present studies indicate that leukocytes pass fioin one animal 
to the other The passage of erythiocytes is geneially assumed, but 
the data m the literature do not indicate whethei the tiansfer of 
substances from one parabiont to the other occurs by way of blood oi 
by way of lymphatic channels Microscopic sections show both cap- 
illaries and dilated lymphatics at the site of anastomosis We have 
undertaken to demonstrate the passage of eiythiocytes by blood 
vascular channels fiom one paiabiont to the othei Rat eiythiocytes 
aie of appioximately the same size as mouse erythrocytes, and their 
passage from one parabiont to the othei can be demonstrated by agglu- 
tination with the seium of mice that have been immunized against rat 
eiythroc3^tes Subsequently we found that chicken ei3dhioc3^tes can be 
demonstrated m the oigans of one parabiont after injection of lepealed 
doses into the other 
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Since theie is a communication of blood \cs‘-cls between leukemic 
and lesistant pai abiotic mice small amounts of blood ma} constantly 
pass fiom the lesistant to the leukemic animal and \ice \eisa Yet 
the duiation of illness of mice inoculated with leukemic cells in paiabi- 
osis with mice lesistant to leukemia was not prolonqjed as a result of 
paiabiosis Hence these expciiments siigq'cst that it is unlikeh that 
the comse of leukemia can be piofoundh modified In continuou' 
tiansfusion of noimal blood 

These expeiiments demonstiatc that lesist.ince and susceptibiht\ 
of mice to transmissible leukemia aic not }:,m\eincd In humoial factois 

Oui studies concein onh inheiitcd icsistancc to leukemia It is 
possible that accjuiied lesistance to neoj)lasms is associated with cn di- 
lating antibodies 

SUMM \m 

Paiabiosis has been used as a means of studs mg the factois of 
lesistance and susccptibilit} to tiansmissible leukemia in mice 

Leukemic cells pass fiom one suscejitible paiabiont to the othei and 
pioduce leukemia in both 

The deielopment of leukemia in a susceptible mouse inoculated with 
leukemic cells is not influenced b} its parabiotic union with a lesistant 
mouse 

Leukemic cells injected lntla^enousl} into a lesistant mouse ma\ 
pass to a susceptible paiabiont piodueing leukemia in the lattci 
without ill effect on the foimei 

Resistance to tiansmissible leukemia in mice of a stock only paitialh 
lesistant to leukemia icmams likewise unalteied by paiabiosis with 
susceptible mice 

The piesence of blood vasciilai anastomosis between paiabionts has 
been demonstiated by the passage of ei)thiocytes fiom one paiabiont 
to the othei 

CONCLUSIONS 

Inherited lesistance and susceptibilit} to leukemia of mice are not 
tiansmitted fiom one paiabiont to the othei , hence it is unlikely that 
they aie governed by humoial factois 

The passage of eiythiocjtes fiom one paiabiont to the othei 
indicates the presence of blood vasculai anastomosis between parabiotic 
mice 



REACTION OF MOUSE SKIN TO VARIOUS 
REDUCED AND PARTIALLY OXIDIZED 
SULFUR COMPOUNDS 

STANLEY P REIM^NN, MD 

AND 

GERRIT TOENNIES, Ph D 

PHILADELPHI\ 

Mouse skin can be used to achieve that highly desirable result m 
studies of giowth, the sepatation of vaiious phases of gro\vth and' 
development from each othei Thus prolifeiation can be sepaiated 
fiom cell diffeientiation, and this, m turn, fiom cell and tissue organ- 
ization Cells can be counted and measuied, volumes of epiderm can 
be recoided, and so on At least, this can be done anatomically , leason- 
able physiologic deductions also may be drawn, though at this and all 
other times it must be emphasized that, especially m incompletely dif- 
feientiated cells, it is impossible to deduce physiologic states and pos- 
sibilities from appearances If the whole of giowth and development 
IS epigenetic and not prefoimed, so also is the development of just 
those kinds of cells which aie most important m studies of both normal 
and abnormal giowth, viz , incompletely differentiated cells Then 
diff ei entiations aie developed, not merely unfolded, fiom manifold 
internal potencies detei mined and allowed to leach quantitative degiees 
by then envirnoment ^ 

This separation of giowth processes and these physiologic con- 
siderations aie made seldom indeed, and this omission has led to utter 
confusion m meanings, a woeful lack of understanding among vaiious 
workeis and an impossibility of comparing lesults We cannot empha- 
size too strongly that this lack of attention has caused and is causing 
a degiee of confusion that is most regiettable 

We define cell differentiation as that series of propensities which cause 
a cell to reariange its chemical makeup so that it becomes specific fiom 
nonspecific, loses its multiple competence oi potency, giadually loses 
Its power to multiply and takes its place anatomically and physiologically 
as pait of a functioning tissue m an organism Oiganization we define 
here as that series of processes by which cells of \aiious differenti- 

From the Lankenau Hospital Research Institute 

This investigation was aided by a grant from the Blanche and Frank Wolf 
Foundation 

1 Weiss, P Principles of De%elopment, New York, Henr^ Holt &. Co, 1939 
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ations gathei in integiated groups to form oigans and parts winch will 
and do function in an oiganism Oui views as to how malignant tenden- 
cies fit into this picture of giowth and development have been expressed 
befoie - 

EXPERIMENTAL PROCEDURE 

White petrolatum was used as the vehicle in which were incorporated 0 5 per 
cent thiocresol, cystine-disulfoxide, methionine sulfoxide, dl-methionme, cystine and 
cysteine sulfinic acid Dibenzanthiacene in 0 3 per cent mixture was also used 
as a sort of pathologic control Each mixtme was rubbed into the skin of the 
right eais and backs of 10 mice daily for three weeks At the end of three 

weeks (eighteen applications) the ears and slices of skin were removed, fixed in 

Susa’s solution, embedded in paiaffin, cut at 7 microns and stained wuth hematoxylin 
and eosin The images of the sections as projected from an Edmger apparatus 
w'ere traced on paper, the lengths measured, and the area measured with a plamm- 
eter The square millimeter area occupied under the aforementioned conditions 
by the skin w^as computed for 100 mm lengths The standard deviations obtained 
from the raw data collected from the individual sections are used in computing 

the ratios The compounds used were prepared and purified by Toennies and 

Lavine “ 

Thickness of Skin, 



Ratios 

Controls (w'hite petrolatum) 

1 

Thiocresol 

3 

Cystine disulfoxide 

12 

dl-methionine 

1 

Methionine sulfoxide 

1 

Cysteine sulfinic acid 

1 1 

Cystine 

1 

Dibenzanthracene 

1 5 


COMMENT 

Thus fat, no sulfui compound has been found tvhich diminished 
the thickness of mouse skin, i e , inhibited noimal replacement prolifer- 
ation We draw no conclusions from this except that the experiments 
have not shown that the paitially oxidized sulfui compounds used do 
not inhibit the late of cell division of the skin, foi we do not know^ 
at tvhat rate desquamation occurred, and data on this aie essential foi 
evaluation of inhibition effects in this mateiial On the other hand, 
it has been shown that paitially oxidized sulfui compounds do inhibit 
piolifeiation in special cases Thus cystine disulf oxide inhibits the 

2 Reimann, S P Biolog}’- of the Cancer Cell, in S 3 'mposium on Cancer 
Addresses Given at an Institute on Cancer Conducted bj’’ the Medical School of 
the University of Wisconsin, Madison, Wis, Universit}’- of Wisconsin Press, 1938, 
p 114 

3 Toennies, G , and Lavine, T F J Biol Chem 113 571, 1936 Lavine, 
T F ibid 113 583, 1936 Toennies, G , and Kolb, T J ibid 128 399, 1939 
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piolifeiative phase in the giowth of Obeha ■* It inhibits the late of 
giowth of spontaneous inammai)^ tiiinois,° a lesult duplicated by 
English workeis with paitially oxidized sulfui groups in sulfanilamide 
types of compounds “ Indeed, in connection with Hammett’s ’’ views 
on the jiliysiologic activity of sulfur gioups, it seems worthy of atten- 
tion that the whole field of sulfanilamide therapy deals with suboxidizecl 
sulfui and with inhibition of piohfeiation ® 

Qualitatively theie was no difference from the noimal in the appeal - 
ance of the skins lubbed with the partiall}'^ oxidized compounds 

In contiast, the sulfhydiyl compound (thiocresol) had the usual 
effect of increasing the late of cell pioliferation, and thus there weie 
pioduced moie cells pei unit of time pei given area A description 
of the qualitative changes has been leported ” and so will not be 
repeated, but seveial pertinent conclusions will be mentioned that weie 
strenghtened by these fuithei expeiiments These aie 

1 The late of cell multiplication can be speeded by application of 
a 1101 mal stimulus, viz , — SH 

2 With this stimulation the cells pioceed to highei degrees of dif- 
feientiation and oiganization 

3 Thus the potency oi competence foi diffeientiation and organiza- 
tion of cutaneous cells is gieatei than the noimal realization of these 
processes 

4 Multiplication in noimal cells, in cells tieated with sulfhydr}^ 
and cells tieated with paitially oxidized sulfur compounds occurs only 
in the basal layei 

Fitted into the geneial knowledge of growth and development, the 
following remarks aie pertinent There is direct and pioportional 
antagonism between diffeientiation and multiplication^ Tumors must 
aiise from incompletely differentiated cells, therefoie mostly fiom 
leseive cells oi "spare paits” (The question of whether dedifferenti- 
ation of individual cells can occui will not be discussed heie, though 
it IS most peitinenf^) An increase in the rate of cell multiplication 
alone does not lead to malignant growth ’’ Cancel is not a disease of 
cell multiplication but one paitlv of cell differentiation and wholl}^ of 
cell and tissue oiganization- Iffnally, we hare been dissatisfied foi 
some yeais with the classification which places benign and malignant 

4 Lavine, T F Am J Cancer 25 809, 1935 

5 Reimann, S P , and Hammett, F S Am J Cancel 26 554, 1 936 

6 Boyland, E Biochem J 32 1207, 1938 

7 Hammett, F S Protoplasm 11 382, 1930 

8 Reimann, H A Arch Int Med 64 362, 1939 

9 Hammett, F S Protoplasm 13 331, 1931 Reimann, S P Am J 
Cancel 15 2149, 1931 , Arch Path 17 764, 1934 
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giowths undei one heading, viz, tumors, and the iiici easing numbei 
of “causes” being found foi growths which have been classified foi 
years as “benign tumors” crystallizes this sentiment when the causes 
aie regal ded in the light of the whole field of growdh and development, 
including, as it does, embryonic and fetal giowdh and development, 
leplacement, repaii, physiologic h3'perplasia and the othei piocesses 
We piefer calling benign tumors “growth anomalies,” and w^e correlate 
them directly with such accepted anomalies of giowdh as the hoiseshoe 
kidney and the accessory spleen Such anomalies are produced duiing 
embiyonal times — but does growth stop w^hen this period is concluded^ 
Furtheimoie the old, puiely anatomic factors cited m explanation of 
giowth anomalies have been supplemented in many cases by physiologic 
. ones in the foim of organizers, giadients, fields and the like, to much 
benefit in experiment and correlation Ceitainly the ordinary peii- 
ductal fibroma of the breast has a a physiologic cause so definitely 
known that its “cause” can be predicated on its mere presence in the 
bieast undei certain conditions’® And the mechanical causes aie 
theie, too just as they are assumed to have been present in the oldei 
less complete explanations of giowdh anomalies At all events, benign 
giowths have an organization, wdnle malignant ones do not, and cel- 
lular diflierentiation in benign growths is quite different anatoinicall} 
(and physiologically by piesumption, for many reasons) fiom that 
m malignant giowdhs Theiefore we give a definition of malignancy 
which was timidly advanced seveial yeais ago but which we now’^ lepeat 
with more assuiance “A malignancy is a mass of cells which arises 
fiom and continues to prolifeiate within an oiganisin as a lesult of 
and in direct proportion to their degree of internal qualitative difitei- 
ences fiom the other cells of the oiganism with lespect to the potencies 
of differentiation and organization particularly ” 

For an analysis of the dibenzanthracene-treated mouse skins fioin 
the present point of view see the pievious report ” 

Turning to the chemical aspects for leads and fuither explanations, 
w'^e aie confionted with many isolated facts Probably the sulfui 
groupings do not stay as such when they are applied to cells, foi the 
latter have broad capacities foi bending the sulfur groupings into the 
locally required conditions, oxidizing oi reducing them oi establishing 
equilibiiums wnthin wnde limits accoiding to internal and enviionmental 
conditions 

Cystine disulf oxide supported growth in weight m feeding expeii- 
ments It also caused thickening of mouse skins a triflle through 

10 Reimann, S P An 0%anan Tumor Diagnosed from a Breast Tumoi m 
Libro de oro dedicado al Prof Dr Angel H Roffo en ocasion de sus bodas de 
plata con la cancerologia, 1910-1935, Buenos Aires, 1935 

11 Reimann, S P , and Chatalbasli, N Growth 1 247, 1937 

12 Bennett, M A Biochem J 33 885, 1939 
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an mciease in tlie numbei of cells Piesumably this is because it 
liberates sulfhydr}!, foi in the test tube cystine disulfoxide decomposes 
rathei slowly into sulfhydiyl and siilfimc acid 

2(RSO), + 2H O 2RSOH -f 2RSO.H 

RSH + RSO„H 

On the othei hand, cystine disulfoxide inhibited the late of giowth 
of spontaneous mamman' tumors in mice'' and also the iDiohferative 
phase of the giowth of Obeha ‘ Again, m the test tube cystine disulf- 
oxide leacts instantaneous])'- with sulfhydiyl gioups, thus applying 
biakes to piolifeiation 

(RSO), + RSH RSSR -f RSO,H 

Of the two afoiementionecl possibilities, fiom the mass law it seems 
that in the case of dearth of sulfhydiyl gioups the fiist leaction would 
be favoied, m the presence of sulfhydi)! the second leaction would 
occm 

Methionine may be conveited to cystine and cysteine in the mam- 
malian body It suppoits growth m weight and stimulates prolifeia- 
tion 111 Obeha but not m mouse skin For this reason we conclude at 
piesent that the epiderm does not convert methionine to cysteine, foi 
these expel imeuts have shown that cystine does not inciease skin pio- 
liferation, wheieas cysteine does 

Neither cysteine sulfinic acid noi methionine sulfoxide appeals to 
inhibit tunioi growth, they cause no change m mouse skins, cysteine 
sulfinic acid does not suppoit giowth in weight, but methionine sulfoxide 
does Both compounds leact lery slowly with SH in the test tube" 

RSO,H + 3RSH -> 2RSSR -f 2H,0 
Meth SO -f 2RSH Meth S + RSSR + H,0 

Herein may be an explanation of the failure of piolifeiation-mhibiting 
effects 

Neithei cysteine sulfinic acid noi methionine sulfoxide 3'ields sulf- 
hvdryl on decomposition But the giowth 111 weight evidence seems 
to indicate that methionine sulfoxide is leadily shunted by the body into 
the 1101 mal pathways of methionine metabolism, whereas the body does 
not seem capable of utilizing the sulfinic acid similarl) — this in spite 

13 Toennies, G Growth 1 337, 1937 

14 Brunsting, L A , and Simonsen, D G JAMA 101 1937, 1933 

15 Preliminary experiments, to be pursued further, have demonstrated this 

16 Bennett, M A Biochem J , to be published 
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of the fact that in vitro the i eduction of the latter to cystine lequnes 
less energy than the i eduction of methionine sulfoxide to methionine 

Unfoitunately cystine disulf oxide, which is highly leactive with 
— SH, IS also highly active in undei going spontaneous decomposition, 
which leads to the inert comiDounds cystine and sulfinic acid “ The 
technical question aiises, therefoie, as to whethei it is possible to dis- 
cover or design a sulfoxide which will have high reactivity for sulf- 
hydryl, and theiefoie pioliferation-inhibiting propeities, with, at the 
same time, a sufficiently inci eased lesistance to spontaneous decomposi- 
tion to permit it to have more than tiansitoiy existence in the body 

SUMMARY 

Mouse skins have been nibbed with thiocresol, C3’^steme sulfinic 
acid, cystine, cystine disulfoxide, dl-methiomne, methionine sulfoxide 
and dibenzanthracene The sulfhydryl compound increased the lates 
of cell piohfeiation and the cells subsequently diffieientiated and oigan- 
ized to higher degrees than in normal skin The other compounds 
showed no such effects Some of the chemical relationships of these 
compounds aie discussed in the light of their biologic behavioi on 
mouse skin as well as in feeding and other expeiiments 

On correlating these findings with the general knowledge of growth 
and development, it is again concluded that malignancy begins in incom- 
pletely diffeientiated cells oi ‘‘spare parts,” that the changes of malig- 
nancy aie qualitative changes in cell potencies and on the basis of these 
considerations and otheis a definition of a malignant growth is again 
pioposed as follows A malignant growth is a mass of cells which 
arise from and continue to proliferate within an organism as a result 
of and in direct propoition to then degree of internal qualitative diffei- 
ence from the other cells of the oiganism with respect paiticulail}' to 
the potencies of diff ei entiation and oiganization 



EFFECT OF dl-METHIONINE AND l-CYSTEINE ON 
THE CLEAVAGE RATE OF MAMMALIAN EGGS 

BERNARD J MILLER, BS 

AND 

STANLEY P REIMANN, MD 

PlilLADELPHIA 

Sulfhydiyl has been shown to play a dominant role in cell division in 
about fifty species of animals and plants and also in many different 
processes in which cell division takes place The experiments reported 
here veie designed to show directly that sulfhydryl has the same effect 
of increasing rates of cell division m feitihzed mammalian ova, the rabbit 
ovum being chosen as a test object Othei evidence that sulfhydrjd per- 
foims this function m ova is that from the experiments of Pincus,^ 
Giegory and Castle - and Giegory and Goss ^ The last authors showed 
that there is a greatei concentration of sulfhydiy^ groups as glutathione 
in the developing fetuses of giant strain labbits and chickens than in the 
coi responding smaller size stiams 

The use of sulfltydryl in these expei iments requires exceptional 
chemical care, since this group is extremely labile, as one would expect 
It to be if it plays a dominant role in such a dynamic piocess as cell 
division The technic and precautions have been outlined in extenso b}^ 
Hammett, paiticularly in connection with the analysis of the negative 
lesults obtained by some workers 

It IS again emphasized that sulfhydryl affects only the proliferative 
phase of cell activity What cells do further in the way of differentiation 
and organization are functions of other mechanisms (Hammett 
Obviously the eaily development of the feitilized labbit o^um is mostly 
concerned with growth by proliferation Differentiation in the ovum does 
not become evident until the middle of the blastocyst stage 

From the Lankenau Hospital Research Institute 

This investigation was aided by a grant from Mrs L Elizabeth Nax 

1 Pincus, G The Metabolism of Ovarian Hormones Especially in Relation 
to the Growth of the Fertilized Ovum, in Cold Spring Harboi Symposia on Quanti- 
tative Biology, Cold Spring Harbor, L I, New York, The Biological Laboratory, 
1937, vol 5, p 44 

2 Gregory, P W , and Castle, W E J Exper Zool 59 199, 1931 

3 Gregory, P W , and Gross, H J Exper Zool 66 155, 1933 

4 Hammett, F S Protoplasma 22 489, 1934 

5 Hammett, F S Nature, London 141 82, 1938 
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It was first shown by Lewis and Giegoi} ® and later b}^ Pmcus ‘ 
that fertilized rabbit ova giown undei ordinary conditions of tissue cul- 
ture will cleave regulaily up to the initial stages of blastocyst expansion 
and that they will collapse if cultured beyond this point Ova grown in 
Carrel flasks or in the circulating cultures described by Pmcus and 
^^^erthessen ® will continue to expand be3’^ond this point 

The compounds used in this study weie dl-methionme, 99 7 pei cent 
pure b}'’ analysis, piepaied by C S Maivel at the Univeisity of Illinois 
and 1-cysteme, 98 per cent puie b}^ analysis, piepaied by G Toennies of 
this institute 

APPARATUS AND METHOD 

Unicellular fertilized rabbit ova and ova in the morula of development were 
obtained by the usual flushmg-out technic Blood was first obtained from the 
doe by puncture of the heart and then stored overnight in the refrigerator The 
serum was then obtained b}-^ centrifugation and stored in sterile tubes until the fol- 
lowing day In this manner it was possible to keep on hand sufficient fresh serum, 
approximatelj a day old Serum older than two days was never used, although 
Pmcus and Werthessen * claimed that serum as old as eleven days will still support 
the growth of the ovum Bouillon cultures were always prepared for each batch 
of serum to insure against contamination 

Immediately after the cardiac puncture the animal was put to death, and the 
Mscera w'ere exposed under sterile conditions and the tubes and uteri excised It is 
a w'lse precaution to insure against dust contamination from the air in the room bv 
first sprajung with 01 per cent phenol solution The medium used for flushing 
consisted of equal parts of Tyrode’s solution, which had previously been sterilized 
bj filtration, and rabbit blood serum obtained from the doe killed the day before 
For ova younger than thirty hours after copulation flushing was usually done 
from the proximal portion of the tube wuth a sterile S 3 minge Ova m more advanced 
stages of de\elopment w'ere best obtained by flushing from the fimbriated end of 
the tube Washings W'ere recovered in sterile watch crvstals 

Within a few' minutes the o\a settle to the deepest portion of the watch crystal 
and inaj be easil}' located at a magnification of about 50 The ova are immediateh 
transferred to the culturing apparatus by means of sterile pipets Care must be 
exercised in this final step in order that damage to the ova maj' be a\oided 

Iw'O tjpes of culturing deuces were used Watch crystals containing 1 or 2 cc 
of seium weie placed in sterile moist chambers consisting of sterile Petri plate 
and a la\er of moist filter paper placed in the bottom of the dish Small and 
large Carrel flasks containing -varying amounts of blood serum were also emploved 
These were used wdien growing blastocvsts were to be observed 

Three series of experiments were conducted in order that accurate checks on 
each might be obtained Unicellular ova were first cultured and the number of 
blastonieres recorded at definite intervals of time Bv keeping the time constant 
one IS able to observe the acceleration of cellular activitj produced bv sulflivdrvl ni 
relation to the rate of mitosis in control ova Ova in the ten to twelve cell stace 
were next cultured and the morphologic characteristics of each ovum observed at 

6 Lewis \\ H , and Gregorv P Science 69 226, 1929 

7 Pmcus G The Eggs of Mammals New York, The Macmillan Coinpanv 

1936 

8 Pmcus, G and M crthes^eii XT T Exper Zool 78 1, 1938 
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the teimination of the cultuie period This method of observation was found to 
be more ad^antageous because it was less difficult to tell ivhen an ovum was m 
the morula or blastula, than to count the number of cells beyond a certain point 
Other ova were studied in tissue culture by observing inciease m diameter and 
morphologic changes o\er a longer period Such ova weie isolated m the eight 
to ten cell stage and cultured in small and large Carrel flasks It was found that 
before the advent of blastoc3'st e\pansion the diameter of the enclosed mass of 
blastomeres increased more rapidly than the mean diameter of the ovum as 
measured from one surface of the zona pellucida to the other It is obvious that 
the zona pellucida pla}'’s a scant part in growth and that it is the mass of blas- 
tomeres which IS actually concerned with growth It was therefore felt that 
measurements of the diameter of the cell mass rather than the diameter of the 
entire ovum w'Ould give a moie acciiiate pictuie m relation to the giowth of the 
fertilized ovum 


Table 1 — Stimulation oj Cellular Activity m Ova Produced by dl-M etJnomne 

Aftci Five Homs of Cultuung 





Cells In 


Cells at Conclusion 

Animal 

Ova 


Each 

Medium 

of Experiment 



1 

1 

1 1 

1 

Control of 

2 



1 

1 

2 1 

1 

serum from 
animal B7 A 

2* 



1 

2 ) 


2* 

R8 A 

6 

\ 

1 

! 

2 1 

1 

1 cc of serum 




1 

1 

2 } 

1 

containing 0 C mg 
dl methionine 

O 



1 

2 J 


5 


* This number indicates cellular activity 


RESULTS 

In the first senes of experiments six fertilized ova were recovered 
from doe R8A approximately twenty-six hours after copulation, five in 
the two cell stage and one as yet undivided Three ova were placed in a 
watch crystal culture chamber containing 1 cc of blood serum from 
rabbit R7A as a control The remaining ova were placed in another 
watch crystal chamber containing 1 cc of the same serum, to which had 
been added 0 6 mg of dl-methionme 

At the conclusion of a five hour peiiod these ova Avere observed The 
one control ovum which was unicellular at the beginning of the experi- 
ment had divided The remaining two ova were still in the two cell stage, 
although both when studied closely show^ed evidences of dividing again 
Ova cultured in methionine were definitely stimulated One ovum 
showed three distinct blastomeres and evidence of dividing again, while 
the remaining two ova contained five blastomeres each The results of 
this experiment are shown m table 1 

Five unicellular fertilized ova were recovered from rabbit R9A 
approximately twenty-three hours after copulation Tvo of these ova 




184 


4RCHIVES OF PATHOLOGY 


were placed in a watch ciystal cultuie chamber containing 1 cc of 
serum obtained from rabbit R8A as a control The remaining tlnee were 
placed in a watch cr}stal culture chambei containing 1 cc of the same 
blood serum, to which had been added 0 6 mg of dl-methionine The 
results of t^^ent 3 -two houis of cultuiing aie given m table 2 Of tlie 
two ova placed in control culture, one continued to the foui cell stage 
and the other to the twm cell stage Ova cultured in the presence of 0 6 
mg dl-methionine in 1 cc of serum definitely show^ed acceleiation of 
cellular activity and had already i cached the six and eight cell stage with 
the exception of one wdiich did not divide 

In the second series of expeiinients, ova in the eight to ten cell stage 
w ei e 1 ecovered and cultured f oi tw^enty-two hours in w'^atch ci ystal cul- 
ture chambers Obseivation has showm that ova older than thiity hours 
after copulation aie less susceptible to “shock” than younger ova At the 


Fig 2 — Stimulation of Ccllulai Activity in Ova Piodiiccd by dl-Methionine Aftci 

Tzucnty-Tzvo Homs of Cultming 
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* \ clcn%apc ^urro^^ Avns cMdent at tlip time of culture 


conclusion of the experiment these ova weie studied in oidei to determine 
what stage of deiclopment had been attained 

Seven o^a in the eight to ten cell stage w^eie recoveied fiom doe RIGA 
appioximately fift}' hours after copulation Two ova weie placed as a 
control in a watch crystal cultuie chamber which contained 1 cc of seium 
from doe NR9A One OMim was placed in a hanging drop culture Of 
the lemaining o\a two w'ere placed in an identical culture chambei con- 
taining the same amount of blood serum, to w Inch had been added 0 26 
mg of l-c\steine and two in another culture chamber containing 0 52 mg 
of l-c}steine 

After twenh-two hours of culturing the two o\a placed in a watch 
cr\ stal culture were in the carh morula of de\elopinent (fig I A and L) 
The blastomeres were coniparatn el) large and easily discernible, and as 
ACt there were few signs of ain peripheral flattening The one o\um 
[lipced in a hanging drop was in tlie icrx earh morula The l)lastoincit« 
were aho large and lew ^showed ain cigns of [x,riphcial flattening 
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The two ova cultuied in the piesence of 0 26 mg of 1-cysteme weie 
in the blastocyst when finally observed (fig 1 A) The blastomeres 
showed signs of differentiation They were smaller than those of the 
contiol ova and fai greatei in numbei The expanding vesicle and cleft 



Fig 1 — A, final appearance of ovum cultured in 1 cc of serum containing 0 26 
mg of 1-cysteine Bj final appearance of ovum cultured in 1 cc of serum contain- 
ing 0 52 mg of l-cysteme C, final appearance of second ovum cultured in 1 cc 
of serum containing 0 52 mg of 1-cysteine D, control ovum in hanging drop E, 
control ovum in 1 cc of serum 

demarcating it were easil)'- seen As yet little expansion of the blastocyst 
cavity had occurred 

The remaining two ova, grown in culture containing 0 52 mg of 
1-cysteine, likewise showed stimulation of cellular actnit}! (fig IB and 
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C) The blastomeie of these ova were likewise smaller and moie 
numeious than those of the control ova However, these were not quite 
as far developed as those cultured m a medium containing 0 26 mg of 
1-cysteme 

The cultuies weie continued, and by the following day the control 
01 a, excluding the one ovum in a hanging drop, had ceased developing 
beyond the veiy eaily morula The ova cultured m cysteine had already 
collapsed, v hich indicated that these blastocysts had been expanding 

A third series of experiments were performed in which eight to ten 
cell ova were cultuied m Can el flasks for sixt 3 ^-four hours In this 
series increase m diameter of the enclosed cluster of blastomeies was 
noted and growth curves constructed from the data (fig 2) Two con- 
trol ova from labbit RIGA were placed in small Can el flasks containing 
1 cc of rabbit serum These ova never progiessed be 3 ’-ond the moiula 
They did, however, show uniform growth up to this point This is attiib- 
utable to the fact that at this point the blastomeres were pressing against 



Fig 2 — Cur\ es of the proliferative growth of the blastomeres of rabbit ova 
when cultured in 1 cc of tlie serum of a doe to which i arious amounts of 1-cysteine 
or dl-methionme had been added, as shown b}" the diameters of clusters of 
blastomeres at i arious inter\als during the period of culture 

the internal surface of the zona pellucida, which reall3’' begins expanding 
onty after the blast0C3'st begins to expand As is seen in figuie 2, the 
curve for the control ova is lowest 

0\ a cultiii ed in the same amount of blood scrum containing 0 25 mg 
of C3steine showed rapid proliferation of blastomeres wuth consequent 
increase in diameter This w as most marked during the first tw cnty-fitvc 
hours of culturing (fig 2) The average diameter of the enclosed cell 
mass remained unchanged duiing the following fifteen hours of culturing, 
after which another period of expansion began which lasted until the 
conclusion of the experiment 

When a concentration of 0 50 mg of C3Steinc was employed, there 
was little if ain ‘Stimulation of blastomere proliferation There was a 
shcht increase in diameter during the first eighteen hours of culture 
Tins was follow cd 63 a more rapid increase m diameter during the follow - 
mg se\en hour=: During the following fifteen hours the rate of increase 
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m diameter was considerably i educed At the conclusion of the experi- 
ment these ova had obtained a peak fai fiom that of ova cultured m a 
concentration of 0 25 mg of cysteine 

Ova cultuied m the piesence of 0 125 mg of dl-methionine showed 
a very definite increase in diametei during the entire time of culturing, 
terminating at a point lowei that that obsei ved with a concentration of 
0 25 mg of 1-cy Sterne 

COMMENT 

Pincus ^ showed that glutathione, the tiipeptide of cysteine, glycine 
and glutamic acid, added to ciiculating cultuies of gi owing rabbit 
blastocysts, definitel}' causes an increase in blastocyst size There is also 
a simultaneous decrease in the endometiial glutathione during the pre- 
implantation period of ovum giowth, which is obviously attributable to 
the rapid utilization of glutathione by the growing ova and endometrium 
Hammett, ° m offering a possible explanation of the function of 
this natuially occuinng molecule, has postulated that “nature has 
developed in one and the same chemical compound a complex vdiich 
conditions if it does not deteimine the course of the seveial basic and 
essential processes concerned in developmental growth ” The roles of 
the three ammo acids of which glutathione is the derivation have already 
been adequately investigated by Hammett and reported in a long senes 
of papers Accoiding to this, then, the free sulfhydiyl gioup of cysteine 
definitely stimulates the prohfeiative phase of growth, while glycine and 
glutamic acid are concerned with other phases of developmental growth 
which follow prohf elation 

It seems possible, then, that in the growing ovum, as in other 
proliferating cells, sulfhydiyl, the natural stimulant of growth, is made 
available to these dividing cells by utilization of natuially occurring 
glutathione An analysis of figure 2 shows that a concentration of 0 25 
mg of cysteine was most effective in producing an almost instantaneous 
increase in the rate of cellular activity in the proliferation phase of 
developmental growth of the fertilized rabbit ovum, while a concentration 
of 0 5 mg of cysteine was far less effective 

Methionine, like cysteine, definitely stimulates the proliferative phase 
of growth in Obelia geniculata (Hammett*), leaving the developmental 
phases of differentiation and organization unaffected This same effect 
has been observed with growing rabbit ova (fig 2) 

These ideas aie further substantiated by the fact that methionine and 
cysteine piomote normal mammalian growth Bennett^® demonstrated 
that 1-cystine could be replaced by methionine and various other sulfur- 
containing ammo acids in the diet of rats 

9 Hammett, F S Science 79 457, 1934 
10 Bennett, M A Biochem J 33 885, 1939 
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The possible chemical lelationship between methionine and cystine 
in metabolism was fiist pointed out by Rose when he showed that the 
role of cystine in growth is secondaiy to methionine 

Hammett showed that sulfhydi 3 d is the essential stimulant to cell 
division From this it seems evident that in the case of either an absence 
oi a deficiency of sulfhydryl, methionine may seive as a source of free 
sulfhydiyl groups It is now definitel}^ known that methionine can go to 
cystine or to cysteine and that this reaction is not leversible This was 
diiectly pioved when Taivei and Schmidt demonstrated that radio- 
active sulfur (S when fed to rats as methionine may appeal as 
cystine 

SUMMARY 

Ova cultured m watch crystal cultures will collapse if cultured beyond 
the initial stages of the bastula Expansion of the blastoc 3 '’st can be 
observed when ova are cultured in Carrel flasks containing 2 to 3 cc of 
labbit serum 

Unicellular labbit ova, isolated befoie twent 3 ’’ houis aftei copulation, 
usually will not grow in tissue culture 

The diameter of the enclosed mass of blastomeies increases more 
rapidly in diameter than does the entiie ovum as measured fiom one 
sui face of the zona pellucida to the other Ova cultured in 1 cc of blood 
seium containing 0 6 mg of dl-methionine show a moie rapid increase in 
the number of blastomeres over a period of five houis than do o\a 
giown as contiols Ova m two cell condition aie likewise stimulated to 
rapid blastomeie piohferation 

Ova cultured in 1 cc of blood serum containing 0 26 mg of 1-cysteine 
show an immediate and rapid inciease in blastomere proliferation, while 
ova cultured in the same amount of blood serum containing 0 52 mg of 
1-cysteine are not nearl 3 '- so eftectively stimulated Ova cultuied in Can el 
flasks show a rapid increase in diametei when 0 25 mg of 1-cysteiiie is 
added to each cubic centimetei of fiesh labbit blood serum Ova cul- 
tuied under the same conditions in the piesence of 0 50 mg of 1-C3'steine 
aie not so effectively stimulated to increase in diameter Ova grown 
undei the same conditions in the piesence of 0 125 mg of dl-methionme 
were also stimulated and showed a definite inci ease in diameter 

11 Rose, W C , Kemmerer, K S , Womack, M , Mertz, E T , Gunther, J K , 
McCoy, R H , and Meyer, C E J Biol Chem 114 Kxxv, 1936 

12 Hammett, F S Protoplasm 7 297, 1929 

13 Tarver, H, and Schmidt, C L A J Biol Chem 130 67, 1939 



MORPHOLOGIC APPEARANCES OF SPIROCHETAL 
REPRODUCTION IN TISSUES 


GABRIEL STEINER, MD 

DETROIT 

Ceitain moiphologic appearances of spnochetes will be desciibed 
that are mterpieted as phenomena connected with the lepioduction of 
these organisms in living tissues In addition, evidence will be pre- 
sented which indicates that theie is a paiticular tissue leaction that 
depends on a chaiacteiistic phenomenon of spiiochetal leproduction 
Spiiochetal leproduction in the tissues can be studied best in (1) 
the tissues of patients m the very early stages of a spiiochetal disease, 
during which time a laige number of spnochetes aie present — e g, 
the tissues of patients with congenital syphilis and the tissues of 
patients with untreated acute dementia paialytica — and (2) the oigans 
of animal earners chronically infected with spnochetes, e g, rats with 
leptospiral infection 

In several spirochetal diseases, the stage immediately before the 
crisis IS chaiacterized by the presence in the blood stieam of densely 
clustered masses of spirochetes These aie called agglomerations In 
mice and lats infected with the organism of i elapsing fever these 
agglomerations appealing m the blood stieam maik the end of a 
1 elapse (fig 1 A) Again, just prior to the teimination of the disease 
similar agglomerations are seen in chickens infected with Spirochaeta 
(or Boireha) galhnarum In both of these diseases (i elapsing fevei 
and spirochetosis galhnarum) high seiologic immunity develops, this 
immunity is piobably related to the phenomenon of agglomei ation 
As can be seen in dark field prepaiations and also in silver miiroi 
preparations of blood smears ^ in the veiy early stages of expei imental 
1 elapsing fevei, the spirochetes divide b}'- tiansveise fission The 
spnochetes of i elapsing fever and of spirochetosis galhnaium are prone 
to repioduce in the blood stream, and only m veiy late stages of these 
diseases do they invade parenchymal paits When they aie no longer 
able to live in the blood stream, they may still exist in the parenchyma 
of the central neivous system The period of then persistence in the 
brain is veiy short in spiiochetosis galhnaium However, in experi- 

From the Department of Pathology, Wajne University College of Medicine 
1 Steiner, G J Lab & Clin Med 23 293, 1937 
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mental i elapsing fever in mice, as has been shown by Buschke and 
Ki 00 ,“ Jahnel,® myself ^ and others, the spii ochetes may persist in the 
biam as single individuals for a long period despite a high content of 
antibodies in the seium During this time, which lasts for a year oi 
moie, the mice aie immune to repeated inoculations The same elfect 
IS seen in cases of dementia paialytica in which the treatment has 
included inoculation with the spii ochetes of relapsing fever (Boirelia 
duttoni) , borrelias aie found in the biam for a lathei long time aftei 
inoculation, although they aie no longei piesent in the blood stream® 
Theie seems to be no doubt that the biain aftords some kind of pro- 
tection against the effects of immune bodies of the serum dining a 
time when the oigamsms cannot live or multiply in the blood stream 
These residual spirochetes of i elapsing fever as long as they leinain 
111 the biain have lost their power of lepioduction Howevei, if 
emulsions of biam containing the spii ochetes are inoculated into noimal 
mice, lepioduction will again take place So, although the immuno- 
logic propel ties may be sufficient to prevent lepioduction of spiio- 
chetes in the brain, these protective piopeities do not suffice to kill 
all of the micro-organisms 

It is not my intention to deal heie with the factois lesponsible 
for the pecuhai piotection of spiiochetes in the tissues of the cential 
neivous system against the killing effects of immunologic substances 
in the seium ° In this paper iiiteiest is centeied about the moiphologic 
appeal ances in the tissues which result when the local repioduction of 
spiiochetes is initiated 

My mateiial consisted of (1) 3 cases of congenital s}philis in 
which tremendous numbeis of spirochetes weie seen in many organs 
of the body, (2) 58 cases of dementia paialytica, among which weie 
3 examples of early acute untieated stages of this disease, and (3) the 
kidneys and other oigans of 10 lats natuially infected with Lepto- 
spiia ictei ohaemori hagiae The oigans were embedded in paiaffin 
and stained foi spiiochetes b}'- the gum mastic silver method Liquid 
cultures of spiiochetes weie made solid by use of gentle heat and then 
cut as solid blocks in frozen sections When possible, smeais and 
dark field examinations weie made 

2 Buschke, A , and Kroo, H Klin Wchnschr 1 2470, 1922 

3 Jahnel, F Munchen med Wchnschr 73 2015, 1926 

4 Steiner, G , and Schauder, H Klin Wchnschi 4 2288, 1925 

5 Steiner, G Krankheitserreger und Gewebsbefund bei multipler Sklerose 
Vergleichend-histologisch-parasitologische Untei suchungen bei multipler Sklerose 
und anderen Spirochatosen, Berlin, Julius Springer, 1931, pp 64-65 

6 Steiner, G, and Steinfeld, J Klin Wchnschr 4 1995, 1925, 5 650, 1926 

7 Steiner, G J Lab & Chn Med 25 204, 1939 
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In the cases of congenital syphilis the oigans (liver, kidney, adrenal, 
lung and other organs) revealed immense numbeis of spirochetes 
Despite their numbers, the method of division of the individual spiro- 
chete could not be made out in the fixed tissues It is certain, how- 
evei, that the huge numbei of spirochetes seen in the organs must 



Fig 1 — A, blood smear of a mouse with relapsing fever (Borrelia duttom), 
showing an agglomeration of spirochetes at the end of a relapse Silver mirror 
method, X 1,000 5, kidney of a rat naturally infected with Leptospira ictero- 
haemorrhagiae The massive centers of leptospiras are seen limited to the tubules 
Gum mastic silver method , X 350 C, cerebral cortex in a case of acute dementia 
paralj-^tica, showing a reproductive center (conglomeration) , gum mastic silver 
method , x 450 Note the spread of spirochetes from the center and the pen- 
colonial liquefaction of tissue D, spirochetal reproductive center in the anterior 
lobe of the pituitary in a case of congenital S3^philis, gum mastic silver method, 
X 300 A yellow center is shown, and the peripheral zones consist of a black 
nng With degenerating spirochetes and granules of spirochetal debris In the sur- 
rounding tissues numerous well preserv ed spirochetes are seen E, higher magnifi- 
cation of a neighboring area, surrounding the reproductiv e center of , X 675 
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have been the lesult of rathei lapid spirochetal lepioduction In the 
tissues the organisms aie distiibuted in two ways (1) they are dif- 
fusely scatteied, (2) they are accumulated in dense ball-hke masses 
It IS to the latter appeal ance that I wish to draw special attention 
Morphologically these ball-hke masses are round oi oval accumulations, 
made up of spiiochetes closely packed together No space for tissue 
elements seem to be left With silvei stains a charactei istic feature 
of these laige spiiochetal masses is seen, the cential and inner paits 
of the masses have a light yellow oi brownish color, while the outer 
zone IS black The outei zone shows the usual black silvei miiror 
appeal ance of spiiochetes Under the low powei of the microscope 
these peiipheial spiiochetal coils tend to form a stellate pattern At 
the peiipheiy the spiiochetes aie arranged in ra)'^hke strands, the axes 
of which radiate from the center of the ball The lays of this foima- 
tion aie made up of well defined black spirochetes The cential part 
of the mass consists of a compact )'ellow or biownish material which, 
by using a high powei of the micioscope, is seen to be formed by veiy 
fine, lightly stained spiiochetal thieads that aie infinitely tangled Such 
spirochetal conglomeiations weie seen in the hvei, adienals, h}pophysis, 
intestinal walls and othei organs in these cases of congenital syphilis 

As early as 1907 Benda® discoveied massive conglomerations of 
spirochetes in the oigans in cases of congenital syphilis, he called them 
“centers” Later on such conglomerations weie seen by numeious 
pathologists In 1906 Stiausslei ® desciibed pecuhai multiple miliaiy 
aieas of necrosis in the ceiebral coitex m a case of dementia paia- 
lytica, and latei Gruetter,^® Hauptmann,^^ Hei schmann and Schob 
demonstiated balls of spiiochetes as the causes of these necroses In 
my own 3 cases of eaily dementia paialytica conglomeiations of spno- 
chetes were also seen In acute dementia paialytica the spiiochetes 
weie distributed in exactly the same way as has been desciibed for 
congenital syphilis 

For the following leasons I believe that such conglomeiations 
represent centos of spnochetal '> e production 

I The conglomerations aie seen only in lecent stages of active 
syphilis, both in congenital syphilis and in early and acute stages of 
dementia paralytica They are nevei found in chionic syphilis In 
tertiary lesions, wheie spiiochetes aie scanty or absent, the conglomei- 
ations are nevei seen 

8 Benda, C Verhandl d deutsch path Gesellsch 23 256, 1928 

9 Straussler, E Monatschr f Psychiat u Neurol 19 244, 1906 

10 Gruetter, E Ztschr f d ges Neurol u Psychiat 54 225, 1925 

II Hauptmann, A Monatschr f Psychiat u Neurol 45 59, 1919 

12 Herschmann, H Ztschr f d ges Neurol u Psychiat 55 27, 1920 

13 Schob, F Ztschr f d ges Neurol u Psychiat 95 588, 1925 
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2 The finding of conglomerations is always combined with that of 
a diffuse distribution of very numerous spirochetes m the neighbor- 
hood of the massive centers Thus a very active phase of reproduction 
IS indicated In congenital syphilis conglomerations are found in dif- 
ferent organs in the same case In dementia paralytica, if spirochetal 
conglomerations are seen, they are usually found in large numbers in 
the cortical or other gray areas, always together with innumerable 
diffusely distributed spirochetes From these centers a diffuse penetration 
of spirochetes into the neighboring tissue takes place 

3 In colonies fiom cultuies of spirochetes in artificial mediums it 
has been possible to demonstrate a striking resemblance to the appear- 
ance of the conglomeration centers in congenital syphilis and dementia 
paralytica First, sterile calf serum rvas coagulated m a sterile tube 
Then, with a needle, a puncture canal was made in the center of the 
coagulated cylinder of serum Next, blood of a mouse inoculated with 
the spirochetes of relapsing fever was diluted to 1 100,000 with 
physiologic solution of sodium chloride, and 2 cc of this dilution 
was added to the tube with the coagulated serum The tube was then 
centiifuged foi five minutes and after that incubated at 30 C for thiee 
days The contents of the tube were then fixed in 10 per cent solution of 
foimaldehyde U S P and cut like ordinary tissue blocks In some of 
these sections, after staining with silver nitrate, one or two star-shaped 
colonies were apparent grossly Micioscopically, these colonies showed 
yellowish centeis from which stiands of shiny black spiiochetes radi- 
ated peripherally (fig 2) The central parts showed innumerable 
spirochetes having only a yellow color 

Theie can be no doubt that these spirochetal balls from the cultuies 
repiesent colonies oi centers of leproduction They are exactly like 
the spiiochetal balls or conglomerations seen in congenital syphilis and 
dementia paralytica The conclusion seems justified that in these syph- 
ilitic diseases with very active spirochetal reproduction the conglom- 
eiations represent the same featuies of reproduction as do those in 
aitificial solid mediums Cultuies in fluid mediums may show similar 
conglomeiations, but usually the colonies aie smaller and do not con- 
tain such large numbers of spiiochetes Appaiently the physical resis- 
tance to the expansion of spirochetes during their reproduction is lowei 
in fluid mediums than in solid or semisolid mediums Therefore, 
nnmeious small conglomerations ma> be seen in fluid mediums, while 
in solid or semisolid mediums largei but less numerous colonies may 
be produced Another feature of this type of reproduction of spiro- 
chetes in solid mediums has been observed liquefaction of the medium 
in the immediate neighboihood of the spiiochetal reproductive colony 
goes on It may be of interest to note that the leproductne colonies 
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in tissues fiom syphilitic patients usually show the same phenomenon 
of cn cumcolonial liquefaction (Compaie figuie 2, an artificial cul- 
ture, and figure 1 a conglomeiation of spirochetes m cortex from 
a patient with dementia paralytica ) 

4 Similar conglomerations of leptospiras were seen in the kidneys 
of rats natuially infected with these organisms These conglomerations 
were found only m the renal tubules The glomeiuh and other parts 



Fig 2 — Culture of the spirochetes of relapsing fever (Borreha duttoni) m 
coagulated serum, X 1,000 Note the conglomeration and the pericolonial liquefac- 
tion 


of renal structures did not show any leptospiias In some places the 
masses were so large as to occlude the lumen completely, in other 
places the organisms weie seen between the epithelial cells of the tubules 
(fig IB) 

In silver preparations the inner parts of the laige leptospiral con- 
glomerations showed a light yellow color, while the outer parts were 
formed b)'^ black leptospira So the same picture as seen in spirochetal 
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colonies in syphilis and relapsing fever appears also in leptospiral 
infections One dilference was noted, however The colony has a 
hollow center which coi responds to the lumen of the renal tubule 
Appal ently the organisms are washed off by the flow of urine 

The conglomerative appearance of colonies in tissues and the 
appearance of similar colonies in solid artificial cultuie mediums seem 
to indicate that spirocheal reproduction undei certain circumstances 
results in the formation of a characteristic morphologic pictuie 

The tissue reaction which results from the conglomeration of spiro- 
chetes IS local miliary necrosis This type of necrosis is seen in the 
organs in congenital syphilis (liver, lung, pancreas, adrenal, vasculai 
walls and other tissues) and in the giay matter of the brain m dementia 
paralytica 

To describe the lesions of congenital syphilis many confusing teims 
have been used Some of these are miliaiy necrosis, mihaiy gian- 
uloma, miliary abscess-hke formation (without liquefaction), miliaiy 
syphiloma and miliaiy gumma There aie at least three different 
circumsciibed histologic appearances m congenital syphilis miliaiy 
abscess-hke formation, miliaiy necrosis and miliary gianuloma The 
so-called abscesses of Dubois in the thymus in congenital syphilis are 
necroses with secondary invasion of the neci otic masses by polymorpho- 
nucleai leukocytes Miliary necroses with secondary invasion by leuko- 
cytes aie also found in othei oigans in congenital svphihs In all 
instances the neciosis is the pi unary lesion and not, as was formeily 
believed, necrosis of the cential zone of a granulomatous reaction 
The necrosis pioduced by the conglomeration of spiiochetes is of a 
coagulation type At the outset no formation of granulomatous tissue 
can be seen in these neciotic areas Later they may develop into 
mihaiy syphilomas, which then may show central necrosis suriounded 
by gi anulomatous tissue But such a sequence has not definitely been 
established At any late, miliary and submihaiy necrosis with or vithout 
the secondaiy invasion of leukoc 3 ^tes is the histologic paiallel of 
spirochetal conglomerations This was fiist found by Benda ® and since 
then by numeious other investigatoi s In the hypophysis puie necroses 
were seen, also In 1928 Schneidei stated that the lelationship of 
tins type of neciosis in the pituitary to the spirochetes had not been 
examined 

The anteiioi lobe of the pituitary in 1 of the 3 cases of congenital 
S 3 philis in m 3 material showed spirochetal conglomerations in silver 

14 Schmidt, M B Verhandl d deutsch path Gesellsch 6 207, 1903 Sim- 
monds, M Dermat Wchnschr (supp ) 58 104, 1914 Schmidt, P Centralbl 
f allg Path u path Anat 34 466, 1923 Kraus, cited bj Schneider, is p 233 

15 Schneider, P Verhandl d deutsch path Gesellsch 23 177, 1928 
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prepaiations and miliaiy necioses in sections stained with hematoxylin 
and eosin In oidei to establish the lelationship of the spiiochetal 
colonies to the miliaiy neciosis, paraffin sections stained by the gum 
mastic silvei method" weie made fiee of silvei by diluted nitiic acid, 
washed, and then stained with hematoxyhn-eosm or cresyl violet By 
this method the aieas of miliaiy necrosis have been identified with the 
spiiochetal conglomeiations (fig \D and E) Seiial sections, one 



Fig 3 — Submihary necrosis m the anterior lobe of the pituitaiy, same section 
as figure \D, made free of silver and stained with cresyl violet, X 300 Note 
invasion by polymorphonuclears 


stained with hematoxyhn-eosm, the next stained by the gum mastic silver 
method, showed the same relationship between spirochetal conglom- 
erations and miliary necioses Occasionally an invasion of poly- 
morphonuclears into the necroses or conglomerations was found (fig 3) 
This represents a transition toward abscess formation 

Primary necroses in organs in cases of congenital syphilis and in 
the brain in dementia paralytica are the immediate consequence of spiro- 
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chetal conglomerations, which themselves result fiom the veiy active 
reproduction of the causative agent in the tissues of the host 

COMMENT 

Miliaiy necroses m the tissues, as well as massive conglomerations 
of spirochetes (Benda’s conglomerative centers), have been recognized 
as pecuhai and rather characteiistic lesions m congenital syphilis 
Miliary necioses in the gray mattei of the hi am aie also rather fre- 
quently demonstrated in dementia paiatytica In both instances the 
immediate relationship between these spiiochetal conglomerations and 
the subsequent necroses has been established That the miliary necioses 
01 transitional stages between these miliary necroses and abscesses in 
the pituitary are due to spirochetal conglomeiations is a new obser- 
vation The spirochetal conglomeiations must be considered as repro- 
ductive centers, they are colonies of organisms in the living tissues 
of the host The reasons for then occuiience are aheady given The 
contention that the conglomerative phenomenon is not a postmortem 
effect IS substantiated by the necrobiotic changes m the tissue at the 
same place The histologic necrobioses are immediate intiavital conse- 
quences of the spirochetal conglomerations That the spirochetal con- 
glomerations aie not simply a part of a terminal stage of the infection 
may be demonstiated m 1 of the 3 cases of dementia paralytica Heie 
sudden death occurred, caused by epileptiform attacks, and the autopsy 
was done shoitly after death The spirochetal conglomeiations in this 
case were the same as those found in the other 2 cases of dementia 
paralytica Furtheimoie, there is no probability that the uniform pic- 
tuies of spirochetal conglomerations found in many diffeient oigans 
in the same case of congenital syphilis are terminal effects In dementia 
paialytica the difference in size and shape of spirochetal colonies indi- 
cates vaiious evolutionary stages of spirochetal leproduction 

Reproductive colonies are found only in veiy acute stages of syph- 
ilitic diseases The structure of these colonies in the tissues has an 
appearance which is almost identical with that of colonies growing in 
solid mediums Furthermore, in the final stages of some spirochetal 
diseases characterized by the agglomerative phase of spirochetal repio- 
duction (relapsing fever and spirochetosis gallinarum) numerous single 
dcgcneiating spirochetes are almost always found Degenerating 
spiiochetes are recognized by the presence of spheiical gianules on 
one or both ends of the individual organism, by deformed spirals, by 
lings or loops, by parts fused together or even by isolated granules 
Such degenerated forms are not seen in lecent conglomerations or in 
then Mcinity, wheie spirochetes are always rich in number 
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In the conglomei ati ve mass the centei is the oldest pait The 
conglomei ation glows by apposition of newly foiined spirochetes, but 
the centei does not show any signs of definite spirochetal degeneration 
There is a diflfei ence in coloi , but this cannot be considered as a definite 
degeneiative phenomenon In this legard it would be of inteiest to 
follow the different histologic changes of the miliaiy necroses and the 
parasitologic findings in them at different evolutional periods of disease 
In congenital syphilis oldei types of necioses, which aie chaiacterized 
by tlie invasion of leukoc}i;es, occasionally are completely free of 
spiiochetes, oi the outer peripheiy may be marked by a ciicle of black 
gianules and a few single spiiochetes while the sunounding tissues 
contain very numerous diffusely distiibuted single spiiochetes (fig 11?) 
Thus at least a maik has been left wheie the growing center was, 
and anothei pi oof has been found that these conglomei ations are really 
intiavital geimmative centei s 

Finally, it may be asked how this peculiar conglomei ative t3'pe of 
lepioduction of spiiochetes can be explained In answeiing this, dif- 
ferent factois must be consideied 

First, it may be assumed that the repioductive activity of single 
spirochetes is rapid and that their motility in the tissues is relatively 
slow 

Second, the tissue lesistance may in some way pi event the natuial 
movement of spirochetes, foi in fluid mediums massive conglomei ations 
are not seen 

Third, some material of gluehke chaiactei may be produced by the 
spirochetes in eailiei periods of growth oi by the tissues themselves 
Such a mateiial would hold the spirochetes togethei The lighter color 
of the inner paits of conglomei ations in silver pi epai ations could be 
explained in the same mannei But if parts of these innei centei s 
are lemoved and stained for spirochetes, the oigamsms appear black, 
consequently the piesence of a gluehke mateiial seems improbable 

Fourth, the diffeience in argyrophilic affinity between the central 
and the peripheral parts of spiiochetal conglomei ations may be 
explained by a diffeience in density of the spirochetal mass The 
inner parts may be much denser than the outei ones Foi this leason 
the compact inner part may not take the silvei salt solution as well as 
the outer zones This explains the difference m color but not the 
specific type of growth m conglomerative masses At piesent no 
explanation for this specific conglomerative type of leproduction can 
be offered 

SUMMARY 

Spirochetal conglomei ations seen in tissues in congenital syphilis 
and in dementia paralytica are compared with the similar appearing 
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spnochetal colonies in solid aitificial culture mediums and with colonies 
seen m tissues of animal caineis (rats with leptospiras) 

Areas of miliary necrosis m congenital syphilis and dementia para- 
lytica are interpreted as the immediate consequence of these repro- 
ductive spirochetal conglomeiations One instance is cited in which 
miliary and submiliary necrosis in the pituitary in a case of congenital 
syphilis could be shown to be due to conglomerations of spirochetes 
Evidence has been given to indicate that these spnochetal con- 
glomerations are reproductive centers 

Mr C Graham Eddy made the excellent photomicrographs 



RELATION OF THE ELASTIC TISSUE IN THE ROOl 
OF THE AORTA TO THE AORTIC VALVE 

INVOLVEMENT OF THIS TISSUE IN SYPHILIS 
SIGMUND L WIDENS, MD 

NEW \ORK 

The mannei in which sj^philis of the aoita may involve the cusps 
of the aortic A'alve and the characteiistic deformities that ensue have 
been desci ibed by Saphir and Scott/ Bell and CIaA\ son,- Martland ^ 
and others The eai her literature n as i evien ed by Saphir and Scott ^ 
It has been the general expeiience that the usual changes m the leaf- 
lets depend laigely on alteiations in the adjacent wall, especially 
at the cusps’ highest and lateial points of attachment While syphilitic 
valvulitis has been described,^ its occurrence is relatively rare The 
fiee margins and commissural attachments of the cusps aie constantly 
involved, whereas the basal poitions are almost always spared, even 
in advanced cases Microscopically the cusps show marked fibrous 
overgiowth and hyalinization rathei than cellular infiltration or in- 
creased vascularity Signs of inflammation, Avhen they occui, are apt 
to be limited to the lateral bordeis ^ Even if one assumed that the 
scan mg of the cusps is the end result of pieviously active inflamma- 
tion, it would be surprising indeed that so little vestige of the involve- 
ment persists, as the inflammatory character of the changes in the wall 
of the aorta is generally unmistakable Moi cover, it is extremely 
uncommon to observe changes in the leaflets of the valve without con- 
comitant involvement of the root of the aorta Thus, the weight of 
evidence seems to indicate that the cusps are secondarily and passively 
altered m much the same fashion as is the intima elsewhere Primary 
specific inflammatory changes of syphilitic aortitis involving the intima 
directly are perhaps just as rare as similar changes in the leaflets of 
the aortic valve, the superior portions of which, at least, are but 
appendages of the inner layer of the aoita 

From the Department of Pathology, New York University College of Medicine 

1 Saphir, O , and Scott, R W Am J Path 3 527, 1927 

2 Clawson, B J , and Bell, E T Arch Path 4 922, 1927 

3 Martland, H S Am Heart J 6 1, 1930 

4 Richter, A B Am J Path 12 129, 1936 Slid, H , and Raska, IC Casop 
lek cesk 76 793, 1937, abstracted. Arch Path 26 1072, 1938 

5 MacCallum, W G A Textbook of Pathology, ed 6, Philadelphia, W B 
Saunders Company, 1936, (a) p 701 , (6) p 696 
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If these premises are conceded, it lemains necessar}'- to account for 
the frequent discrepancy between the degree of involvement of the 
root of the aorta and that of the aortic valve The extent of valvular 
change does not appear to be directly pi'oportional to any one feature 
of the lesion, not to the degree of dilatation nor to the amount of medial 
or intimal scan mg nor to the intensity of the inflammation This fact 
has been commented on by MacCallum,®*' who stated “When the 
sinuses of Valsalva are affected, the aortic valves are likely to be in- 
volved and to undergo analogous changes, but every combination of 
aortic and valve involvement may occur, and sometimes the valves 
may remain peifectly delicate and competent when the nearby wall of 
the aorta is piofoundly affected ” Although the root of the aorta is one 
of the commonest and eailiest sites of involvement, aortic insufficiency 
develops in only a i datively small number of cases of syphilitic aortitis 
(20 0 per cent, Can , “ 36 5 per cent, Clawson and Bell , ^ 20 7 pei cent, 
Welty ’■) Anothei finding which serves to emphasize this occasional 
dispanty is the fact that S3^philis of the sinuses of Valsalva may be 
seveie enough to cause stenosis of the orifices of the coronal y aiteiies 
without damaging the valve 

The appeal ance of the syphilitic lesion at the time of death can be 
deceptive, of course, and theie is no quantitative way of measuiing the 
intensity of the process No very accurate information concerning 
the evolution of the changes can be obtained It is possible that a rapidly 
developing and progressive aortitis damages the valve with greater facility 
than a moie slowly evolving or an intermittent one The possibility 
lemains, however, that theie is some variable component in the structure 
of the root of the aoi ta which may mediate involvement of the valve by 
lendenng it more likely to occui in some instances and by preventing it 
m others Variations in the amount of elastic tissue of the media 
beneath the valve might be accountable, since only those portions of the 
cusps beneath which elastic tissue is present are usually affected The 
fact that the inflammator)^ changes frequently fail to extend deeply into 
the sinuses of Valsalva (Martland is also an indication that the process 
may end at the borderline of the media That variations in the insertion 
of the media into the sinuses of Valsalva may occur might be suspected 
fiom the other minor malformations sometimes seen in this area The 
cusps may vary in shape, size and number, and the orifices of the 
coionar}' arteries are frequently displaced or haie accessor} openings 

For these reasons the present study was undertaken in order to dis- 
cover how much variation in the amount of elastic tissue may occur in 

6 Carr, J G Atn Heart J 6 30, 1930 

7 Wclt>, J W Am J 3^1 Sc 197 782, 1939 
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1 elation to the aortic valve in nonsyphilitic aortas, and whether it is of 
a sufficient magnitude to shield oi to expose the cusps in the event 
of syphilitic inflammation A comparable study was made on two gi oups 
of syphilitic hearts One of tliese consisted of lieaits in which the aoitic 
valves were altered and incompetent, and the othei, of heaits in which 
the valves weie normal m spite of lesions in the nearby wall 

MATERIAL AND METHODS 

Single sagittal, or profile, sections, 2 mm wide, weie cut through the com- 
missure between the right and the left aortic cusp (B N A terminology) of 73 
nons 3 'philitic adult hearts obtained at autopsies on the Third (New York Uni- 
versity) Division of Belle\ue Hospital Hearts showing rheumatic or bacterial 
endocarditis or obvious congenital malfoimation were excluded Hie blocks were 
cut so as to extend from 0 5 cm above the supeiior margin of the commissure 
proximally, to include a small portion of the left ventiicular muscle The position 
of the upper aspect of the commissure was indicated by a transverse knife cut into 
the intima The tissue was fixed m solution of formaldehyde U S P (1 10), 
embedded in paraffin, sectioned at 10 microns and stained by the combined Weigert 
and Van Gieson method An attempt ivas made in each case to obtain a section 
for microscopic study from the central portion of each block, approximating the 
midpoint of the commissure as closelj as possible 

The commissure at the junction of the right and left cusps was chosen because 
its distance from the left ventiicular musculature was readib measured The 
membranous portion of the intraventricular septum is apt to he proximally to 
the commissure of the right and posterior cusps, and the anterior leaflet of the mitral 
valve lies inferiorly to the commissure of the posterior and left cusps The distance 
of these two commissures to some fixed point in the subvalvular region, therefore, 
IS not easily obtained Howevei, for comparison, the commissure of the right 
and posterior cusps was studied in 22 hearts, and that of the posteiior and left 
cusps in 15 The data from these aie presented separately 

The stained preparations were projected at a magnification of 40 and the follow- 
ing measurements made (1) the distance of the projection of elastic tissue beyond 
the highest point of the commissure proximally toward the left •\entucle, (2) the 
distance between the highest point of the commissuie and the point where the 
media first begins to narrow, (3) the distance from the highest point of the com- 
missure to the beginning of the left ventricular musculature 

These measurements could be made with considerable accuracy m any given 
section The only point about which any indecision occasionally arose concerned 
the end of the broad media, where it began to taper, since there was sometimes 
fraying of the elastic fibers in this vicinity Repeated measurements usually varied 
within 0 1 Cm The method is also open to criticism on the ground that the 
processes of fixation probably alter the spatial arrangements somewhat, but all 
the material was treated in the same manner, and the results should be comparable 
with one another even though they do not represent the exact in vuvo measurements 
Other errors were introduced because there was no way of obtaining a section 
through the exact midpoint of the commissuie and because obliquities in cutting 
could not be avoided These errors are probably insignificant, however, since 
measurements made from multiple sections of a number of blocks varied within 
0 15 cm 
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A senes of 45 syphilitic aortas which showed extensive involvement of the root 
of the aorta in all specimens but definite anatomic evidence of aortic insufficiency 
in 24 was prepared in a similar fashion The anatomic criteria for the diagnosis 
of aortic insufficiency were separation of the cusps at their highest point of attach- 
ment, thickening of the free margins, endocardial pockets on the subvalvular 
portions of the left ventricular wall and dilatation and hypertrophy of the left 
ventricle Specimens were not included in which the absence or presence of aoitic 
insufficiency was not obvious 

The measurements obtained fiom the syphilitic group are open to more serious 
objections than those from the control group, since the lesion was destro}ung the 
very tissue under observation and the position of the commissure was subject to 
displacement However, the end point of the elastica and the beginning point of the 


Table 1 — Influence of Vauons Factors on Measm cinents of the Elastic Tissue at 
the Root of the Aoita in Relation to the Commissui e Betzveen 
the Right and Left Aoitic Cusps 


Piotoi 

^umber in 
Group 

Distance Between 
Commissure and 
End Point of 
Tapering Elastica 

Mean, Cm 

Distance Between 
Commissure and 
Limit of Broad 
Media 

Mean Cm 

Distance Between 
Commissure and 
Left Ventricle 

Mean, Cm 


73 (total 

0 74 (total 

0 07 (total 

1 20 (total 


group*) 

group) 

group) 

group) 

Se\ 

Males 

43 

0 74 

0 07 

1 22 

Females 

27 

0 73 

006 

115 

Ago 

25-t9 years 

23 

0 71 

0 07 

3 16 

50-69 years 

06 

0 75 

OOC 

1 21 

70 85 years 

13 

0 74 

OOS 

1 22 

Heart rreight 

Less than 410 Gm 

33 

0 72 

OOC 

1 17 

More than 410 Gm 

33 

0 75 

010 

1 20 

Body length 

Less than 170 cm 

34 

071 

0 07 

115 

More than 170 cm 

29 

0 74 

0 09 

123 


* Numencal differences In the totals of the various subdivisions are due to the fact that 
the data on some subjects irctc not recorded 


left ventricle could be determined accurately in most instances Moreover, it was 
felt that by comparing the results from the syphilitic group with those from the 
nonsj'philitic group a satisfactory eialuation of the significance of changes in the 
former could be made, particularly with reference to the position of the commissure 
It must be admitted that measurements on the end point of the broad media in the 
syphilitic group are at best onlv rough approximations 


RESULTS 

Relation of Elastic Tissue to the Commissm e Betzveen the Right and 
Left Aortic Cusps in Nonsyphilitic Aoitas — As shotvn in table 1, the 
mean values obtained m 73 aortas indicate that the broad portion of 
the media ends 0 07 dr 0 009 cm proximally to the highest point of 
attachment of the cusps, the media then tapering somewhat irregularly 
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to the apex of an elongated wedge-shaped extension 0 74 ±0 010 cm 
farther along Fiom this point to the beginning of the left ventricular 
endocardium, a mean distance of 046 db 0 017 cm , the wall is composed 
of dense fibious tissue devoid of elastic fibeis In individual cases there 
was considerable variation, but in every instance some elastic tissue 
extended beyond the upper limit of the commissure In one instance the 
media began to naiiow 0 30 cm above the commissure, and in another 
it extended a scant 0 20 cm beyond it In such vessels only a minimal 
amount of elastic tissue lay beneath the valve, so that changes limited 
to the elastica could hardly affect the commissure On the other hand, 
in one instance the media did not begin to taper until 0 32 cm beyond 
the commissure and extended 1 15 cm befoie the elastic tissue terminated 
In such a case the commissural attachment of the cusps was backed by 




Chart 1 — Relation of the elastic tissue at the root of the aorta to the commissui e 
between the right and left cusps, with standard deviations 


consideiable undei lying elastic tissue Similail)'', the distance between 
the end of the elastic tissue and the beginning of the left ventricle 
varied ovei a maximum range of 0 67 cm , so that the altered lelations 
of the elastic tissue to the commissui e weie not based entiiely on diffei- 
ences m the position of the latter 

The majoiity of the measurements fell close to the mean for each 
point, and symmetric distribution curves could be obtained in which the 
mean values closely approximatea the modes In chait 1 the relations 
of the various points under obseivation to each other are lepresented 
diagramatically, and the maximum and the minimum lange within the 
limits of the stiandard deviations are shown It may be seen that even 
within these restricted borders the amount of medial elastic tissue adjoin- 
ing the commissure may i^ary considerablj'’ At the minimal values 
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only the tapering portion of the media lies beneath the cusps, whereas 
at the maximal values the broad media extends well beyond their point 
of origin 

The results were analyzed to see if such f actoi s as sex, body length, 
age and heart weight played a lole in these variations These factors 
influence the relative size of the heart and aorta The measuiements 
recorded here might depend on the size of these two stiuctures In 
females and short persons they are generally somewhat smaller than in 
males and tall persons The aorta is also known to undergo progressive 
enlargement with age ® Further, the measurements of elastic tissue at 
the root of the aorta might be secondarily influenced by hypertiophy 
of the cardiac musculature 

When cases are grouped into these different categories (table 1 ) , the 
mean values of the elastic tissue measurements are remarkably constant 
Perhaps the distance between the upper limit of the commissure and 
the left ventricle is slightly less in females and subjects less than 170 
cm long, but even this difference is not statistically significant The 
relationship of the elastic tissue to the attachment of the aoitic valve 
theiefore depends on other indi\idual idiosyncrasies and not on the 
lelative size of the heart and aoita as influenced by the afoiementioned 
factors 

Relation of Elastic Tissue to the Comimssw e of the Right and Left 
A 01 he Cusps in Syphilitic Aoitas — In table 2 aie presented the mean 
values, with their piobable eiiois, of similar measurements of elastic 
tissue in 24 syphilitic aoitas shownng definite evidence of aoitic insuffi- 
ciency and 21 shownng no A^alvular lesion in spite of maiked involvement 
of the sinuses of Valsalva They aie contrasted Avith the measuiements 
on the control group of nonsyplnlitic aortas 

In both syphilitic groups the upper limit of the commissuie lies 
closei to the left A'-entricle than m the nonsyphihtic group Although 
this displacement amounts to only 0 13 and 0 17 cm , i espectively, both 
these diffei dices aie gi eater than four times the square loots of the 
sums of the squares of the lespective piobable errors and are therefoie 
piesumably significant The exact mechanism of this displacement is 
not obwous, but it is not due to sepaiation or othei changes in the cusps, 
since It occuis to the same extent ivhen the valves are not affected 
Scott ® also observed that in syphilis the cusps may be attached sei eral 
millimeters below the normal site Perhaps the stretching of the supra- 

8 Kaufnnnn L Zur Frage der Aorta angusta Em Beitrag zu den Normal- 
inassen des Aortensvstems, Jena, Gusta\ Fischer, 1919, Veroffentl a d Geb d 
KnegS' u Konstitutionspath 1 (pt 2) 1, 1919 

9 Scott, R W Cardio-vasciilar Sjphihs, in Moulton, F R Syphilis, 
Publication 6, American Association for the Ad^ancement of Science, Lancaster' 
Pa, The Science Press, 1938, pp 118-122 



206 


ARCHIVES OF PATHOLOGY 


valvulai portions of the aorta lesultmg from inflammatory changes and 
seal ring is more effective on the outer, more pliable coats of the aoitic 
wall than on the more lesistant, although thmnei, intimal layer 

In any event this displacement alters the relations of the commissure 
with the elastic tissue of the media in both the incompetent and the 
competent valvular groups, so that m both the media appears to narrow 
at a highei point and to terminate a shortei distance beyond the com- 
missuie 

If a collection is made foi this alteied position of the commissure, 
or if the distance between the end point of the elastic tissue and the left 
ventricle is taken, the nons 3 ''phihtic gioup occupies a position intei- 
mediate between the two syphilitic ones That is, the elastic tissue 
extends less beyond the true commissuie and ends a gieatei distance 


Table 2— Extension of Elastic Tissue Beneath Left and Right Aoitic Cusps in 
Syphilitic Aoitas With and Without Aoitic Insufficiency 



Num 

Distance 
Between 
Commissure 
and End 
Point of 
Tapering 

Distance 
Betucen 
Commissure 
and Eimit 
of Broad 

Distance 
Between 
Commissure 
and Deft 

Distance 
Between 
End of 
Elastica 
■^md Left 


her 

Elastica 

Media 

Vcntncle 

Ventricle 

Group 

Group 

Mean, Om 

Mean, Cm 

Mean, Cm 

Mean Cm 

Syphilitic nortas uith 

aortic insufHcicncj 

24 

0 CG ± 0 031 

0 01C± 0 021 

I 07 ± 0 020 

0 41 ± 0 020 

Syphilitic aortas rvithout 

aortic insufficiency 

21 

0 45 ± 0 026 

— 0 OS'^i 0 023 

1 03 ± 0 022 

0 5S ± 0 020 

Nonsyphilitie aortas 

73 

0 74 ± 0 010 

0 07 ± 0 000 

1 20 ± 0 013 

0 46 ± 0 017 


* The bioad media ended distal to the upper border of the commissure 


from the left ventricle in syphilitic patients without aortic valve insufii- 
ciency than in nonsyphihtic peisons On the othei hand, in syphilitic 
patients with aoitic insufficiency the elastic tissue extends farther beyond 
the original position of the commissure and ends at a point closer to 
the left ventiicle than in nonsyphihtic peisons 

When the data on the two syphilitic gioups aie compared (table 2), 
it IS seen that the elastic tissue in the cases of syphilis with involvement 
of the aortic valve extended a mean distance of 0 21 cm farthei beyond 
the commissure and ended 0 17 cm closer to the left ventricle than in 
the cases in which the aortic valve was not damaged Although these 
differences aie perhaps not impressive, they are of sufficient magnitude 
to be statistically significant Moreover, in the latter group the media 
appeal ed to narrow 0 08 cm above the commissure, whereas in the group 
with aortic insufficiency the broad media reached the commissure As 
already indicated, this measurement is not very reliable, because of the 
changes wrought by the syphilitic process, but it does support the impres- 
sion that less elastic tissue is to be found beneath valves which are 
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unalteied by the lesion The significance of these differences is best 
visualized in diagrammatic form (chart 2) 

That the variations in the mean values are not due to the inclusion 
of a few unusual cases m each group is shown by the curves of the 
percental distribution of the distances between the end point of the elastic 
tissue and the left ventricle in chart 3 The curve for the distances m 
nonsyphihtic aortas (the solid line) is fairly symmetiic, and its peak 
closely approximates the arithmetic mean All the values for the 
syphilitic aortas he AMthin the extremes of the contiol series In a major 
portion of those without aortic insufificienc} , 81 0 per cent, the elastic 
tissue ends a greatei distance from the left ventricle than the mean of 
the nonsyphihtic group On the other hand, 70S per cent of the 
syphilitic aortas with insufficieticy show elastic tissue which extends 


END OF 
BROAD HEOlA^yj' 


VALVE LEAFLET 






WITH AORTIC 
INSUFFICIENCY 


WITHOUT AORTIC 
INSUFFICIENCY 



ELASTIC TISSUE 


1 |,--LEFT VENTRICLE 

NONSYPHILITIC 

CONTROLS 


Chart 2 — Mean measurements of the elastic tissue at the commissure between 
the right and left aortic cusps in sj'phihtic aortitis Avith and without aortic insuf- 
ficiency 


close! to the left ventricle than that m the control gi oup The frequency 
distribution shows a greatei difference between the two types of syphilitic 
aortas than do the mean values, for the gieatest number of the talues 
for the syphilitic aortas without insufficiency fall near 0 78 cm and the 
greatest number of those for syphilitic aortas with insufficiency he near 
0 33 cm , a discrepancy of 0 45 cm The distribution shown by the 
curves suggests that v hen the syphilitic process involved aortas in which 
the elastic tissue ended farther than 046 cm from the left ventricle, 
aoitic insufficienc} vas less apt to deielop than when it attacked those 
in which the elastic tissue extended closer to the left ventricle than this 
Amount of Elastic Tissue Beneath Each of the Thiee Aoiiic Valve 
Comnussuics and Its Relation to the Degiee of Involvement of Each m 
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Syphilitic Aoitas with Aoitic Insufficiency — The extension of elastic 
tissue beneath each commissure varies in the same and different peisons 
Usually theie is a significantly longei piojection at the commissures 
between the light and posterioi cusps and between the posterior and 
left cusps than at the one already discussed, namely, between the right 
and left cusps If this is so, and if the amount of adjacent elastic tissue 
plays a role in determining the extent of involvement of the valve in 
syphilis of the root of the aorta, it might be expected that a correlation 
between the two is demonstrable 

In table 3 it may be seen that the elastic tissue at the attachments 
of the light and posterior cusps and at the attachments of the posterioi 
and left cusps extends, on the average, 0 21 and 0 31 cm, respectively, 
faithei beyond the highest point of the commissure towaid the left 
ventricle than it does at the attachment between the light and left cusps 

Prrcenti^t 
of coses 



tissue of the aorta and the left ventricle in nonsjphihtic aortas and syphilitic aortas 
with and without insufficiency The distances in nonsyphilitic aortas are repre- 
sented by the solid line (73 cases, mean 046 ±0 017 cm), the distances in the 
syphilitic aortas with insufficiency by the dotted line (24 cases, mean 0 41 ± 0 020 
cm ), and the distances in the syphilitic aortas without insufficiency in the dash line 
(21 cases, mean 0 58 ± 0 026 cm ) The mean value of each group is indicated bv 
the corresponding vertical line 

Differences in a similar direction but of less magnitude and not statis- 
tically valid are shown between the end point of the broad media and 
the commissure in all three instances One measurable feature of the 
sj^philitic involvement at each of these thiee points, the degiee of separa- 
tion of the cusps, IS compai ed This was done by measuring the width 
of the gap between the two cusps at their closest point of approximation, 
by means of a hand lens, to the nearest 0 5 mm in a senes of syphilitic 
aortas with aortic insufficiency Differences in the number of observa- 
tions are due to the fact that some commissures had been excised before 
this measurement was made Although this is a crude method of esti- 
mating the degree of involvement at each commissure, the data do support 
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the concept that the distiibution of elastic tissue is a factor in the develop- 
ment of commissural changes The commissures possessing the largest 
amount of underlying elastic tissue showed the greatest mean degree of 
separation of the leaflets 

This was further borne out when the degree of involvement of each 
commissure m the same aorta was compared The commissuie with 
the least subjacent elastic tissue, that between the right and left cusps, 
showed the greatest degiee of damage m only 20 per cent of 30 syphilitic 

Table 3 — Extension of Elastic Tissue Beneath Each Commissure of the Aoitic 
Valve, and Its Relation to the Degi ee of Involvement of Each in Syphilitic 
Aoititis with Insufficiency of the Aoitic Valve 


Coniinissure at Attachment of 

- - A — 

^ 

Left and Bight Right and Posterior and 

Cusps Posterior Ousps Left Cusps 

E'^tension of elastic tissue pro\i , ^ , * ^ , — * 


mal to commissure in nonsiphil 
itic aortas 

Aortas 

Mean 

Aortas 

Mean 

Aortas 

Mean 

1 Limit of broad media 

73 

0 07*4- 
0 009 cm 

22 

0 11 ± 

0 021 cm 

15 

010 dr 

0 024 cm 

2 End of tapering portion 

Degree of separation of cusps at 
commissures in syphiLtic aortas 

73 

0 74 rfr 

0 010 cm 

22 

0 95 dr 

0 036 cm 

15 

1 03 dr 

0 042 cm 

with involvement of valve 

Relative involvement of each of 
the three commissures in 30 
syphilitic aortas* 

1 With greatest degree of 

42 

1 03 mm 

00 

1 13 mm 

54 

1 39 mm 

involvement 

2 With least degree of in 

G 

20 0% 

c 

20 0% 

13 

43 4% 

volvement 

9 

30 0% 

7 

23 3% 

2 

6 7% 


* TIio'b In Trhich two or more commissures shoned an equal amount of Involvement are 
not included 


aoitas and the slightest degiee in 30 pei cent The commissure possess- 
ing the most elastic tissue, the one between the posterior and left cusps, 
w^as most aflfected m 43 4 per cent and least altered in 6 7 pei cent This 
eiidence offers collateial support to the main thesis, that the extent of 
elastic tissue at the root of the aorta is of some impoitance m detei mining 
whether or not the valve will be liable to involvement in syphilitic aortitis 

COiMMENT 

The findings indicate that in the noimal aorta the media extends 
pioximally to about the upper margin of the commissure and then tapers 
to a %ariable length be}ond it Although the magnitude of vaiiations in 
the extension of the media in this region is scant, it is of some signifi- 
cance because the onlj^ point of contact of the cusps with the aortic 
media is at their iippei and lateral attachments In the central portions 


10 I ewis, T , qnd Grant R T Heart 10 21, 1923 
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of each sinus of Valsalva the media invaiiably terminates above the point 
of origin of the leaflet Even a difference of a few millimeters in the 
extent of the media at the commissures can radically alter the lelation- 
ship of the two The measurements lecorded heie do not express com- 
pletely the extent of this variation In some hearts the angle formed 
by the adjacent aortic cusps at their lateral attachments is much more 
acute than in otheis In such instances much more of the valvular 
attachment has aoitic media beneath it In some cases the media nariows 
abiuptly at the uppei limit of the commissure, and only a thin stiand 
continues towaid the left ventricle In otheis the narrowing is much 
more gradual so that a faiily thick layer of media lies pioximal to the 
upper limits of the cusps Such variations alter the effective aiea 
beneath which the valve attachments have medial tissue 

It should be stiessed that in every case some poition of the media 
extended at least to the highest point of attachment of the aoitic valve 
If involvement of the cusps depends secondarily on changes in the media, 
every aortic valve is potentially vulnerable to damage by s} phihtic aortitis, 
at least to some extent The seventy and distribution of the inflam- 
matoiy process thus lemam the decisive factors in the development of 
aoi.tic insufficiency The findings reported here indicate merely that 
»iome valves may be much moie leadily involved than otheis, owing to 
variations m the preexisting stiuctuie of the valve iing Whatevei the 
exact mechanism of the changes in the leaflets may be, whether it is 
an extension of the inflammation fiom the wall or a piocess secondary 
to degenerative changes in the media which in tuin aie attiibutable to 
involvement of the adventitia or vasa vasorum, the fact cannot be ignoied 
that only those poitions of the valve beneath which the media is present 
are usually affected Thickening of the free maigin may well be caused 
by mechanical factors after aortic insufficiency has been established, 
according to Martland ^ In those few instances in which active inflam- 
mation of the entire cusp is piesent and Spirochaeta pallida is demon- 
strable,^ the development of aortic insufficiency is obviously more 
independent of the mode of attachment 

The significance of the differences observed in the elastica of the two 
syphilitic groups cannot be evaluated with certainty These differences 
may be the consequence of variations in the syphilitic lesion and not 
express variations that existed before the inflammatoi}'^ piocess was 
initiated If this were so, however, it might be expected that the aortas 
showing the severest lesions, as indicated by the development of aortic 
insufficiency, would show the most marked destruction and reduction 
in elastic tissue Yet more elastic tissue was found beneath commissures 
which were altered than beneath those which were not If anything, 
the syphilitic process would tend to diminish and obscure the differences 
between the two syphilitic groups rather than to exaggerate them 
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The possibility cannot be ruled out, howevei, that a certain degree 
of regeneration of elastic tissue occuis as the lesion progresses with 
ultimate extension of the elastic tissue beyond its original position If 
this occurs at all, it might be more pronounced in the aorta with the 
seveiest involvement, namely, that with aoitic insufficienc)^ The diffei- 
ence observed could thus be interpieted as the lesult of the lesion The 
process elsewheie in the aorta, however, does not appear to be asso- 
ciated with any conspicuous degree of elastic tissue growth Theie is a 
progressive loss of elastic tissue, with narrowing of the media, although 
the other coats are greatly thickened Moreover, the range of measure- 
ments of elastic tissue m the syphilitic aortas was within that of the 
control series If regeneration of elastic tissue was a factor in altering 
the measurements, m no instance did it extend closei to the left ventricle 
than it sometimes does in normal aortas The weight of evidence is 
against the interpi etation that secondary regeneration of elastic tissue 
alteis the original distribution of this tissue to any appreciable degree 


Measurements on the nonsyphihtic aorta reveal that the elastic tissue 
of the media at the root may project a variable distance proximal to the 
commissuial attachments of the aortic valve cusps and that the lateial 
attachments of the cusps may show a great deal or very little of the 
medial coat m the wall of the underlying aorta These variations do 
not appear to be related to the size of the aorta or heart and are not 
influenced b) age, sex, body length or heart weight 

Since the lateral attachments of the aoi tic cusps are chiefly invoh ed 
in the development of aortic insufficiency due to syphilis, it is pointed 
out that the degiee of valvular damage may depend in pait on the 
extension of the media in this aiea 

Measurements on the sjphihtic aoita suppoit this concept The 
elastic tissue of the media is found to end more abruptly at the com- 
missuies in cases in which aoitic insufficiency has failed to develop than 
in cases in which the valves are incompetent 

The thiee commissuies in the normal aoita have different amounts 
of elastic tissue in their walls Although the relative degrees of involve- 
ment of each of the three commissures varies in individual cases, in 
a series of cases of syphilitic aortitis with aortic insufficiency the aveiage 
degiee of involvement varied directly uith the amount of intiamural 
elastic tissue 

The highest point of attachment of the aortic cusps is found to be 
lover in the siphilitic aorta than in the normal one This displacement 
IS not related to changes in tlie leaflets themsehes, since it is found vhen 
the cusps are still delicate and normally inserted 
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H G MILLER, AIB, BS (Durham) 
haltimore 

Recent papers, paiticulaily those of Noiris,^ have again dravn 
attention to the relation between myasthenia gravis and the thymus 
They have pointed out that only 82 autopsies on the disease ai e recoi ded 
in the liteiatuie and that m 37 of these a lesion of the thymus was 
found to be a piomment anatomic featuie Noins emphasized the 
importance of lecordmg the pathologic obseivations m all investigated 
cases of myasthenia gravis 

The association of a tumoi of the thymus with myasthenia gravis was 
first desciibed by Weigeit,- in 1901 He considered the tumoi a lympho- 
saicoma and looked on the lymphoiihages m the volunfaiy muscles 
as metastases Buzzard® contested this view, demonstrating l}mphoi- 
ihages without apparent involvement of the thymus, and aftei Mai burg 
Ijunphoirhages vere incieasmgly legaided as signs of a leactive process 
m degenerating muscle Hai t ® suggested that the “tumoi s” of the 
thymus were meiely difterent degrees of hyperplasia of the epithelial 
and lymphoid cells of the gland 

Bell® and Norris^® reviewed senes of cases of myasthenia with 
legard to thymic involvement, finding it in at least 50 pei cent of ade- 
quately reported cases Noiris stated that “pathologic changes ma} 
be found m the thymus in cases of myasthenia gravis in direct latio 
to the care with which they are sought” Thus, none weie repoited 
piior to 1901 Starr found them m 28 per cent of a senes of 250 cases 
collected from the literature. Bell ® m approximately 50 pei cent of 
his 56 cases and Norris ^ in 50 pei cent of his furthei cases Bell stressed 
the specific character of the changes in the thymus — a reversion to a 
fetal t}'pe of structure produced by the disproportionate hyperplasia 
of the epithelial elements, which are relatively inconspicuous in the adult 

From the Department of Pathology of the Johns Hopkins University 

1 Norris, E H (a) Am J Cancer 27 421, 1936, (b) 30 300, 1937 

2 Weigert, C Neurol Centralbl 20 S97, 1901 Laquer, L ibid 20 594, 

1901 

3 Buzzard, E F Brain 28 438, 1905 

4 Marburg, O Ztschr f Heilk 28 111, 1907 

5 Hart, C Virchows Arch f path anat 220 185, 1915 

6 Bell, E 1' J Nerv & Ment Dis 45 130, 1917 

7 Starr, M A J Nerv & Ment Dis 39 721, 1912 
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gland — and pointed out that such an appearance is found almost exclu- 
sively in tumors associated with myasthenia gravis Non is described 
the condition as a benign tumoi m half the cases and as persistent 
enlargement in half, but put forward the view that this division is artificial 
and that both classes lepiesent degrees of hyperplasia, extieme and 
moderate, i espectively 

Obiditsch ® studied histologicall}'- a senes of 9 thymus tumoi s and 
claimed that those composed predominantly of small lound cells were 
moie often associated with symptoms of myasthenia than were epithelial 
and malignant types 

Meggendorfer ® and Meistei reported cases of a metastasizing 
gi owth of the thymus associated with myasthenia gravis, but such cases 
are extremely rai e , thus Meggendorfei ’s case was at that time the only 
one of 60 lecoided cases of malignant tumor of the thynnus in vhich the 
tumor was associated with my^asthenia 

Schumacher and Roth and Haieier^^ leported cases in uhich 
impiovement of myasthenia followed extnpation of a tumoi of the 
thymus, the opeiation in the fiist case having appaiently been perfoimed 
by Saueibiuch Beretvas had no success in the tieatment of the disease 
by iriadiation of the thymus, but Stem leported impiovement obtained 
by this means 

Recently Adlei claimed that he had pioduced myasthenia-hke 
symptoms of exhaustion in dogs by'’ transplanting thyunus tissue oi by' 
injecting a water}' extiact of juvenile thymus and that the animals’ 
symptoms neie lapidly relieved by injections of prostigmine This noik 
IS as jet unconfiimed, and the account is lacking in detail Nevin 
claimed that injections of a commercial extract of thymus had pioduced 
aggravation of symptoms in some cases of myasthenia gravis and pointed 
out that administration of thjroid extiact is followed by a temporal}' 
exaceibation which may be due to stimulation of the thymus 

Lievre summarized the evidence for the importance of the thymus 
in myasthenia giavis thus 1 A tumoi or hypertrophy of the thymus 

8 Obiditsch, R A Virchows Arch f path Anat 30 319, 1937 

9 Meggendorfer, F Ann d stadt allg Krankenh zu Munchen 13 116 
1908 

10 Meister, M Khn Wchnschr 15 1389, 1936 

11 Schumacher and Rotli Iilitt a d Grenzgeb d Itled u Chir 25 746, 1913 

12 \on Harcrer, H Arch f khn Chir 109 193, 1918 

13 Bereh is, L Riforma nied 41 771 1925 

14 Stern, R Wien khn Wchnschr 50 321, 1937 

15 Adler, kl Arch f khn Chir 189 579, 1937 

16 Nc\in, S J Neurol S. Psichiat 1 120, 1938 

17 Liu re, T A Presse nitd 44 991 1936 
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IS fiequently found in myasthenic patients, and the tumor appears to be a 
specific lesion Microscopic tumois ma5^easily be missed at autopsy 
2 The vai lability of the lesion (hyperplasia, ciicumscribed tumor) of 
the thymus applies also to othei endocrine disoiders 3 While the 
diffuse hypeiplasia of the gland could legitimately be considered a part 
of the geneial prohfeiation of lymphoid tissue common m this disease, 
such an explanation seems unlikely in the case of a circumscribed tumor 
Lievie concluded that theie is a i elation between the thymus gland and 
myasthenia giavis and that the thymic condition is probably not a non- 
specific leaction but either causal or concomitant He recommended 
roentgen investigation, followed by irradiation or suigical removal 

REVIEW OF FIVE CASES 

The pathologic observations m the 5 cases of myasthenia giavis 
encounteied in 16,300 autopsies at the Johns Hopkins Hospital will 
now be summaiized, only positive evidence being given 

Case 1 — A. white man aged 35 had a twelve month history of increasing 
weakness of the muscles of mastication and respiration His death was due to 
respiratory failure 

The autopsy report was “A clinical history of myasthenia gravis, a tumor 
nodule in the region of the thymus, a stone in the pelvis of the left kidney, 
hydronephrosis, pulmonary edema, localized bronchopneumonia, old tuberculosis 
of the bronchial nodes” 

The thymus was fatty and not noticeably enlarged but showed two strips of 
tissue extending about one third of the wa 3 '^ down over the parietal pericardium 
Embedded in the midportion of the left lobe was a small firm nodule, measuring 
2 by 1 5 by 1 cm , well encapsulated, elliptic and sharply defined from the sur- 
rounding normal thymus tissue 

On section this was gra 3 ush red and showed small blood-filled spaces, it 
had a gross appearance similar to the surrounding thvmus tissue but was more 
compact in its arrangement and contrasted sharply with neighboring lymph nodes, 
which were pigmented and in some instances caseous 

Histologically, the surrounding tissue, stretched around the tumor in isolated 
patches embedded in loose areolar tissue, it showed the normal structure of the 
thymus gland with well marked Hassall’s corpuscles The tumor itself was well 
defined and trabeculated by a connective tissue capsule, it was vascular and was 
composed mainly of lymphoid cells, with some hyperplasia of the epithelial elements, 
especially at the periphery (fig 1 A and B) 

There were no Hassall’s corpuscles in the tumor, and the epithelial cells showed 
no signs of the compression or tension which flattens them in the normal thymus, 
but had an indistinct cell body and a plump, vesicular nucleus They extended into 
the substance of the tumor in a network quite distinct from the masses of lymphoid 
cells 

Lymphorrhages were present in the voluntary muscles but were rare, being 
found in only 1 of 18 sections The thyroid gland contained a distinct excess 
of colloid, and many alveoli were lined with low, flat epithelium The other 
endocrine glands showed no abnormality 
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Case 2— A white man aged 45 had an eight month history of increasing 
weakness of the muscles of masticatwn, phonation, deglutition and ocular move- 
ment Death occurred from respiratory failure 



Fig 1 (case 1) — 4, tlniuus tumor, X 90 B, same tumor, showing epithelial 
cells X 670 

The diagnosis at autops\ was “im asthenia gra\is persistent tlnmus, bron- 
chitis, bronchopneumonia, fibrous nodule in the thjroid, fibrous orchitis, heman- 
gionn 01 the li\er, hmphangioma of the spleen, accessor\ spleen” 
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There was a bilobed thjmus, each lobe measuring 7 bj 3 bv 15 cm, the 
gland weighing 60 Gm in all There was no localired tumor, and histologically 
the gland consisted of scattered small foci of lymphoid cells embedded in areolar 
tissue Some of these foci contained recognizable germinal centers, others, 
Hassall’s corpuscles, which were sometimes calcified In seieral places large 
epithelial cells which inconspicuously surrounded these foci had proliferated, 
forming small sheets of clear cells, with prominent nuclei, -which looked \er\ much 
like stratified squamous epithelium 

No Ivmphorrhages were found in the many sections of muscle taken, the 
thyroid gland was normal except for a hyaline fibrous nodule similar to that seen 
in the scarred testicles There was no other abnormality of the endocrine system 

The lungs disclosed, in addition to acute lobular pneumonia, numerous collec- 
tions of lymphoid cells, particularly around the small blood vessels, and sometimes 
these showed recognizable germinal centers 

Case 3 — A white woman aged 27 suffered for four y’eais with slowIy-^ progies- 
sive weakness of the ocular muscles and of the muscles of mastication and 
deglutition She improved when treated with ephedrine, but finally respiratorv 
failure responded only temporarily' to prostigmine and was fatal 

The diagnosis at autopsy w'as “m\ asthenia gravis, lobular pneumonia, persistent 
thy mus , focal necroses in the adrenal cortex ” 

The thymus w’as a rather flat sheet of tissue, measuring 6 by 6 by 1 cm 
and w'eighing 30 Gm Histologically the gland was umformh normal, being com- 
posed of small round cells w'lth w'ell marked Hassall’s corpuscles and with only 
an occasional suggestion of any differentiation into peripheral and central zones 

There was some scattered necrosis in the fasciculate and glomerular zones of 
the adrenal coitex in both glands, the cells being replaced by a pink formless 
material 

No ly'mphorrhages w'ere found, and the thy roid gland and other endocrine 
organs were normal 

Case 4 — A white man aged 63 said that foi six months he had had increas- 
ing muscular w'eakness, with improvement on administration of prostigmine, 
but that gradually this treatment lost effect There was terminal respiratory 
distress, and the patient died despite the administration of prostigmine and treat- 
ment m the Drinker respirator 

The diagnosis at autopsy was “my'asthenia gravis, lymphocy'tic infiltration 
in the muscles , a scar with fibrous adhesions at the apex of the upper lobe of 
the right lung, pulmonary edema, peculiar fibrosis of the leaflets of the mitral 
valve , fatty infiltration of the liver , moderate generalized arteriosclerosis with 
arteriosclerotic changes in the kidneys, calcified prostatic concretions, atrophy 
and scarring of the testis ” 

The thymus w'as not identified Lymphorrhages w'ere frequent in the voluntarv 
muscles but only rarely' w'ere they perivascular The thy'roid gland w'as normal, 
and the only other abnormalities W'ere those already summarized 

Case 5 — A colored man aged 34 had marked exophthalmos of long standing 
and a doubtful history of symptoms of exophthalmic goiter For eight months 
he had noted increasing w'eakness of the musculature of the head and neck He 
W'as maintained for two months on prostigmine, w'lnch he took irregularly He 
died m respiratory' failure despite the use of prostigmine and the Drinker respirator 
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The diagnosis at autopsy was “myasthenia gravis , a tumor of the thymus with 
remnants of normal th 3 'mus tissue, widespread small areas of Ivmphorrhagia 
in the muscles and elsewhere, hjperplasia of Ivmphoid nodules, especiall} m 
the pharjnx and larjnx, colloid goiter, lobular pneumonia” 

The tlnmus weighed 70 Gm and was the size and shape of a bantam’s egg 
(fig 2) Most of the gland was taken up b\ a large tumor, 5 by 3 b\ 6 cm, 
with a little normal thjmus tissue at the low^er pole The tumor w'as divided by 
fine bands of fibrous tissue into lobules of varying size These contained a mixture 
of small lymphoid cells and a network of large, ill defined, pale epithelial cells 
with vesicular nuclei (fig Z A) The proportion of these two kinds of cells varied 
considerablv, and m some areas the “epithelial” elements formed solid blocks of 
tissue (fig 3S), while in other lobules they were diffusely scattered among the 
round cells 



Fig 2 (case 5) — Thvmus tumor 


The lower pole of the tfinior was covered bj a thin lajer of thvmus tissue, 
tvhich was pink in the gross as opposed to the creamv tumor, and was histologicallj 
similar to normal thvmus though relative^ poor m Hassall’s corpuscles 

The Iv mphorrhages were widespread, were perivascular and were found in 
the adrenal and in the epiglottis, as well as m the pliarjngeal. ocular, intercostal 
and sternocleidomastoid muscles and the diaphiagm (fig 3C) In the ocular 
muscles there were in addition, scattered areas of atrophv, where the muscle 
fibers had almost disappeared, leaving what appeared to be an emptv fibrous 
tramevvork (fig 3D) The general Ivmphoid hvperplasia spared the abdomen 
and affected oiih the regions above the diaphragm The tonsils were huge and 
hvpcrplastic and the pliarvngeal and larvngeal follicles extended continuouslv 
down into the pirilorm sinuses and larvnx There was a well marked colloid 
goiter, which also diowed great Ivmphoid infiltration and some germinal centers 
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Fig 3 (case 5) — A, thymus showing areas consisting predominantly of 
lymphoid and epithelial cells, respectively, X 100 B, area of tumor composed of 
solid blocks of epithelial cells, X 100 C, typical Ijmphorrhage from the dia- 
phragm , X 200 D, focal areas of atrophy m ocular muscle , X 200 
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COMMENT 

Of the 5 cases of myasthenia gravis reported heie, 2 showed an 
encapsulated tumor of the thymus gland with remnants of normal thymus 
outside the capsule, 2 showed a persistent thymus gland, with well 
marked peiipheial epithelial hyperplasia in 1 case, and m 1 case the 
thymus vas not identified 

This brings the number of autopsies in such cases leported m the* 
literature to 87, in 41 of which the lesions in the thymus were found 
to be a prominent anatomic feature 

It is interesting that in the present 5 cases abnormalities m the thymus 
were more common pathologically (4 cases) than the characteristic 
lymphorrhages, which arc the accepted ciitena of a pathologic diagnosis 
of the disease, though often difficult to find m clinically indisputable 
cases 

As regards the role of the thymic condition in the genesis of the 
disease little can be added Injection of extracts piepared from such 
tumors might assist in the elucidation of the problem In the meantime 
it seems that careful roentgenologic examination ot myasthenic patients 
IS indicated in an effort to diagnose thymic involvement and that irradia- 
tion and surgical removal should be essayed in a disease rvhich, despite 
lecent theiapeutic advances, is otherwise so lethal in its effects 

SUMMARY 

The literature dealing rvith the i elation of the thymus to m} asthenia 
giaris is leviewed, and 5 furthei cases in which autopsies were done 
are desciibed In 2 cases an encapsulated tumor of the thymus was found 
associated rvith lemnants of normal thymus, in 2, a persistent thymus 
was obseived, wath marked peripheral epithelial hyperplasia m 1 case 
and in 1 case the thymus was not identified 

This brings the number of reported cases of m3’^asthenia giaMS in 
which autops) w'as done to 87, in 41 of which distinct anatomic lesions 
of the tlnmus were found 

It is suggested that patients with myasthenia gra\is be subjected to 
a caieful roentgen imestigation m an effort to diagnose tlwmic involve- 
ment, and that ii radiation and surgical remoial be essaied more often 
in the tiealment of this disease with so unfavorable a prognosis 



ADDITIONAL OBSERVATIONS ON POSITIVE AND 
NEGATIVE CHEMOTAXIS 

EXPERIMENTS Willi A M\X0M1CE1E 

DALE REX CO:^IAN, VD 
piiir Am t I’lUA 

In cl lecent papei ^ it Mas leiiorted that negatnc chcmotaxis could be 
induced in polyinoiphonucleai leukocites by ceitain chemical substances 
(silicates) and, in some expei inients, b} a stiain of hemolytic stiepto- 
cocci N^egative chemotavis, I e the leaction tin ough w Inch leukoc} tes 
aie caused to move away fiom hacteiia oi othei bodies, ma\ Mell be an 
impoitant factoi in infection, one tending to hindei lecovei} This 
subject has not lecened the attention accorded to the opposite plienome- 
11011, positn e chemotaxis and lequues furthei investigation But before 
continuing the studies on negative chemotaxis m leukoc}tes it seemed 
desiiable to obtain bioadei knowledge as to the occuiience of this leac- 
tion in living cells geneially Tin ough observations on a diffeient and 
pel haps moie piimitive tj'pe of oigawsm it was hoped that negative and 
positive chemotaxis wmiild appeal in bettei peispectne 

The plasmodium of Physarum pol}cephalum, a myxom^cete - (slime 
mold), was selected foi the present studv It shows the same type of 
locomotion (i e , ameboid) as the leukocytes and, like the lattei, displays 
both positive and negative chemotaxis This oiganism pioved suitable 
foi some expel iments foi which the leukocyte on account of its small 
size, vulneiability and environmental requiiements, is less well adapted 
Expei iments w^eie planned with the m}xomycete to answ^ei the following 
questions What tjqies of chemical substances induce, i espectively, 
positive and negatne chemotaxis^ Is the positive oi negative reaction 
dependent on the natuie of the substance tested oi, as has been pioposed ^ 

From the Department of Pathology of the Unneisitv of Penns 3 ’’lvania Medical 
School 

This investigation w'as aided by a grant from the Committee on Theiapeutic 
Research of the Council on Pharmacy and Chemistry of the Ameiican Medical 
Association 

1 McCutcheon, M , Coman, D R , and Dixon, H M Arch Path 27 61, 

1939 

2 It is interesting to recall that myxomycetes were used by Stahl (Bot Ztg 
42 145 and 161, 1884) in some of the earliest experiments in chemotaxis 

3 Wells, H G Chemical Pathology, ed 5, Philadelphia, W B Saunders 
Company, 1925 
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on the concentration^ How does a cell or organism act when it alteis its 
response from positi\c to negative' Is its bchaMor quahtatnel} differ- 
ent, or IS a negatnely reacting cell the mirror image of one reacting 
positn ely 

M \TnRJAL 

Tlie mwonneett, or «lnne mold, is a naked mass of protoplasm, a ssncjtium 
uincli occurs inturalh m such an ciniromnent as the hark ot a tree, where it 
seeks food b' an ameboid tspc of locomotion and where it ma\ attain a sire of 
scscral centimeters Its larqe size permits csperimcntal obsersations to be made 
with the naked c\e, or minute jiieces ma\ be cut off and observed with the micro- 
scope Both tiiese methods have been emplovcd in the present espenments The 
culture ol Plnsirum poljcephalum was supplied In Prof \\ Seifriz, of the 
department of bolain This is an oranpc-colorerl organism which grows readih 
in the laboratorv, cultures being maintained on wet filter paiicr sprinkled with 
dn oatmeal 


^ MfcTJIOD 

Observations with the iialtd eve were made on plasmodi i placed in Petri 
dishes coiitaimng 2 per eeiit agar in distilled water Disks were cut out of the 
gelled agar, one in the center and one or more at the periphery Into the central 
well thus formed was jioured agar containing oatmeal, and into the other wells, 
agar containing the substance to be tested for its cliemotactic effect 7 he mold 
was planted on the central disk, and the direction oi migration in relation to the 
disks of test substance was noted during the following eighteen hours 

The different tvpes of reaction of the mold to test substances are shown in 
figures 1 to 3 Tigure 1 illustrates an indifferent reaction fabscncc of chemo- 
ta\is) The mold has extended in all directions and has evidenth been neither 
attracted nor repelled bv the test substance in the disks near the edge of the 
plate Figure 2 illustrates positive cheinotaxis The organism has migrated from 
the center to both disks containmg the test substance Figure 3 illustrates nega- 
tive chemotaxis and is the opposite oi figure 2, since, instead of moving toward 
the disks containing the test substance, the mold lias avoided them 

CHIZMOTACTIC LI TIXTS OF SUGARS, ACIDS AAD ALKALIS 

B) the method just oiithned, the chemotactic effects of diffusible 
substances are readil} tested It is these substances — sugars, acids, 
alkalis, salts, present eterj where, taking part in all sorts of cellular 
processes — that, because of their rapid diffusibility, are especialh diffi- 
cult to test with leukocjtes The diffusion of acids and alkalis through 
the agar jelly may be observed hv adding an indicator, such as 
bromthymol blue, to the agar 

A summar) of results obtained with these diffusible substances is 
giv'en in the table Dextrose induced positive chemotaxis ovet a wide 

4 Such small pieces in appearance and response arc quite comparable to 
leukocytes or other naked cells endowed with ameboid movement The suitabihtv 
of the shme mold tor other tjpes oi investigation is obvious For instance, in 
studies of injury and repair one might find in this a particularlv favorable material 
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Explanation op Ficlres ], 2 and 3 

Photographs aie shown of myxomycetes on agar in 100 mm Petri dishes In 
each plate are three black circles, the central one of which represents a disk con- 
taining nutrient substance, on which the mold was planted The peripheral disks 
contain the substance to be tested for chemotactic effect The plasmodium appears 
as irregulai gray sheets and filaments 

Figure 1 shows indifferent chemctaxis The substance tested was sodium 
chloride The mold has moved in all directions and shows no orientation to the 
test substance 

Figure 2 show's positive chemotaxis The test substance w'as dextrose The 
plasmodium has moved from its original central position to both disks containing 
the test substance and is seen nearly to surround these disks 

Figure 3 shows negative chemotaxis to a silicate (Lloj'd’s reagent) The plas- 
modium, m moving from the center to the periphery of the plate, has avoided 
the two disks containing the test substance 




Figmes 1, 2 and 3 
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lange of concentiations, fiom hundi cdth-molai to molai The leactioii 
^^as positive in 42 of 44 plates Sacchaiose, it is interesting to obsene, 
caused no chemotactic i espouse in any of the concentiations used The 
mold moved tovaid the sugar in 13 plates and away fiom it in 17, but 
geneially the displacement tow aid or aw^a} fiom the test substance w'as 
slight, and theiefoie it is concluded that this oigamsm is indifferent to 
sacchaiose Thus the mold is able to disci iminate between tw^o closel} 
1 elated sugais The chemotactic effect of diffeient sugais apparently 
varies wnth the species of slime mold ’’’ 

The effect of hydiogen and hydioxyl ions was tested, using hydio- 
chloiic acid, sulfuric acid, acetic acid and sodium Indroxide As seen 
111 the table, all these substances m concentrations of tenth molai or 


Chcmotacfic Reactions of Alyioutycclcs to Substances Diffn^incj Thmnqli Agai 

Jelly Contained in Petit Dislic<;'^ 





Preparations of Alv'xomv cctcs Rcactinfr to Given Jlolnr 
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Results Tvero recorded about eiglitecn hours after plnntiuR A. positi\o (+) reaction 
indicates ^l 0 ^c^le^t tonard the test substance, a nepatiic ( — ) leaction, movement anaj 
from it The mold was attracted by dc\troso in all the concentrations u^cd it vvas indifiicrcnt 
to sucrose \cids and alkalis m concentrations of tenth molar or creater produced ncfrative 
chemotaME 


above pioduced negative chemotaxis, lowei concentiations had no effect 
Combining the lesults obtained with the vaiious acids, one finds that the 
mold was lepelled in 55 plates and attracted m none A similai effect 
w^as obtained with sodium hydi oxide, the chemotaxis in 1 plate being 
positive and that in 27 negative, wnth concentiations of tenth molai oi 
higher That these results w^eie piobabl}'^ due to Irvdiogen and hydroxyl 
ions, 1 espectively, rathei than to sodium oi chloiine ions or to osmotic 
effects IS seen in the indiffeient response to tenth molar sodium chloride 
m 7 plates chemotaxis w^as w’-eakl)’^ positive and in 7 Aveakl)'^ negative 

It is concluded from these expeiiinents that both hydiogen and 
hydiox34 ions wdien in adequate concentiation pioduce negative chemo- 
taxis in Physarum polycephalum This result is in general agreement 
wnth those leported by Strange® and Emoto ® wnth other species of 

5 Emoto, y Proc Imp Acad , Tokyo 8 460, 1032 

6 Strange, B Bot Ztg 48 107, 1890 
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slime mold and I)\' Jochims ■ with leuKoc\tes J hese woikeis, howevet, 
rcpoited positnc chcmota\is to ceitam weakl) acid solutions, a result 
not duplicated m the present cxpeiimcnts The effect of h 3 diogen and 
hydiowl ions ma} be summ.ui/ed In sa}mg that both cause lepulsion, 
the least lepelling concentration foi some oiganisms being somcnhat 
on the acid side of neutralitv 

In addition to the lepelhng ehect of high concentiations of Indiogeii 
and of Indiowl ions on both mjxoimcetes and leukocNles, other points 
of slmlIallt^ m the i espouses of the two types of oiganisms ha\e been 
ohsened 1 bus both aie lepellcd by a silicate (Llo}d's icagent) ' 
Also, like nnxonncetcs, Icukocctcs aic lepoited to he atti acted b} 
ceitam sugais® Whethei they leact similarly to othei substances must 
he decided h\ fuithcr experiments 

nXPl.RIMI N IS will! Till MICROSCOI’I 

Ihe slime mold is excellentl) adapted to micioscojiic ohsenation 
and much in foi Illation has been obtained In low jiowei magnification \ 
small piece of the mold, about 0 5 mm long is snipped off with fine 
scissois and placed in a thin film of watei on a glass slide The slide 
is inverted o\ci a small dish to form a moist cliambei 

As seen unclei low' power magnification after a pciiod of quiet 
sti earning of the piotoplasm begins The sti earning has the lemaikable 
characteristic of ihythmicity the piotoplasm flows foi man} seconds — ■ 
often 40 to 60 — m one direction, and then rc\erses and flows foi 
appioximately the same time in the opposite direction (Foi detailed 
stud) of protoplasmic stieaming sec Vouk *’ and Seifii/ As locomo- 
tion develops, the ih}thm of protoplasmic streaming alteis, the flow 
tow aid the ad\ancing pseudopod continues longei than the lefliix in the 
opposite dll ection 

If an atti acting substance, such as a fragment of oatmeal, is placed 
a few' millimeteis from the mold, a bioad pseudopod is thiust out tow aid 
It The piotoplasm in the pseudopod appeals to become moie liquid, as 
judged by the tuibulent motion of the protoplasmic gianules Fiom 
the fiont of the pseudopod are thiust out cleai blistei-like extensions of 
piotoplasm which, from the rapidity of then formation and flow', appeal 
to have relatively low viscosity In a few' seconds the gianulai cyto- 
plasm flows into the cleai piocesses, and thus the pseudopod lapidly 
advances The oiganism now' assumes a triangular shape, w'lth the bioad 

7 Jochims, J Arch f d ges Phj'siol 216 611, 1927 

8 Chambers, R, and Grand, C G J Cell &. Comp Physiol 8 1, 1936 

9 Vouk, V Denkschr d k Akad d Wissensch Math -naturw K1 88 
653, 1913, cited by Kisser and Metzner Tabulae biol 4 471, 1927 

10 Seifriz, W Science 88 21 1938 
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pseud opod in advance and a nan on tad behind The oiganism in this 
state of activity looks much like a niaciopliage 

The positive and negative i espouses of this “cell” to chemical stimuli 
may he illustiated b} a i epi esentatn^e evpeiiment The appearance of 
the mold displacing positive chemotaxis is shown in figuies 4 and 5 
The souice of attraction is just outside the photographic field and is 
indicated by the white dot In figure 4 the oigamsm is advancing into 
the micioscopic field and shows tw'o pseudopods at its anterior end, three 
minutes latei, one of these pseudopods has reti acted as the mold con- 
tinues its advance Dining all this time, of couise, the ihythmic proto- 
plasmic sti earning goes on, being of longei duration in the direction of 
the atti acting substance 

Aftei the lattei photograph was taken, the attracting substance 
(oatmeal) w'as removed, and a repelling substance, a silicate, was placed 
m the same position Figures 6 7 and 8 show^ the subsequent behavior 
of the organism Within thiee minutes the advancing pseudopod seen in 
the piecedmg photogiaph has shiunk, and a new pseudopod has devel- 
oped at the opposite end of the oiganism In figure 7 the original 
pseudopod has nearly disappeaied, while the pseudopod at the opposite 
end has broadened, and the oiganism has begun to move aw'ay from the 
lepelhng substance In the last photograph (fig S) the mold is seen 
leaving the field 

Thus change from positive chemotaxis to negative has brought about 
revel sal of polarity, the formei “head” has become “tail,” the foimei 
“tail” has become “head ” The org-anism has not turned around but 
has “gone into i everse ” 

At the same time reorientation of the organism has occuried in other 
respects It is now'^ the end farthest from the negativel} chemotactic 
substance that appeals liquid, and at this end foim clear blister-like 
extensions of the pseudopod, into wdiich the granular protoplasm flows 
At the end neaiest the souice of repulsion the changes are of opposite 
character As this end conti acts it becomes less fluid, i e , protoplasmic 
inclusions moA^e less turbulently, as if the substance were highly viscous 
The duration of the phases of rhythmic sti earning alters so that the flow 
IS now longer m a direction away from the lepelling substance 

Thus the oiganism wdien leacting negatively’^ is the miiroi image of 
Itself when reacting positn^ely'^ The difference is simply'^ that between 
minus and plus, theie is no qualitatn^e diffeience If the observei saw 
the organism but not the source of the substance to ivhich it reacts, he 
would be unable to say whethei chemotaxis was positive or negative, 
since the appeal ance of the organism and the rhythm of sti earning aie 
the same in both cases 





4 








J 





Explanation of Figurcs 4 to 8 

These aie low power photomicrographs of a small piece of plasmodium, taken 
at intervals of three minutes, to show its appearance while it is displaying positive 
and negative chemotaxis, respectively 

In figures 4 and 5 the plasmodium is advancing toward the test substance (oat- 
meal) located outside the microscopic field at the position indicated by the white 
dot After the latter photograph was taken the attracting substance, oatmeal, 
was removed, and a repelling substance, a silicate (Lloyd’s reagent), was substi- 
tuted Figures 6, 7 and 8 show the plasmodium as it reierses its form and direc- 
tion of movement, being repelled by the silicate 
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SLMMAin 

111 oidei to supplement pievious studies with leukoc}tes, the differ- 
ences between positive and negatne chemotaxis w^eie imestigated in a 
piimitive free-living oiganism, Pinsaium polycephalum, a myxocite 
This oiganism, because of its laige size, robustness and ease of 
handling, is bettei adapted to ceitain expeiiments than aie leukoc}tes 
In gloss piepaiations (visible to the naked eye) the substances tested 
included sugais, acids and alkalis To dextrose chemotaxis was positive, 
to sacchaiose it w'as indiffeient Both hydiogen and hidiox}! ions in 
adequate concentiations induced negative chemotaxis, i e, lepelled the 
oiganism Thus the positne oi negatne charactei of the leaction seems 
to depend on the chemical natuie of the substance lathei than mereh 
on the concenti ation 

In micioscopic prepaiations a small bit of tbe organism comparable 
to a maciopbage was caused to alter its i espouse fiom positne to nega- 
tive Theie w^as no qualitative diffeience in the behaMOi of the oigan- 
ism, wdien leactmg negativel} , ’t presented a miiioi imaqe of itself 
leacting positivel} When alteiing its response the oiganism does not 
turn aiouiid but “goes into leveise ” 

It cannot be stated that the chemotactic i espouses of the m} xomycete 
and leukocyte are identical, but so similai aie then mode of locomotion 
and chemotactic behavioi that the information gained fiom the ni} xomy- 
cete should be helpful m fuithei studies of negative chemotaxis m 
letikoc} tes 



INDUCED PULMON>\RY TUMORS IN MICE 

I SUSCEPTIBILITY or SENEK STRAINS 01 MICE TO HIE ACTION OF 
INTRAYENOL SLY IMECTED MET IIYLCHOI ANT IIRENE 

MICHAEL B SHIMKIN, MD 

Assistant Singcon, National Cancci Institute, United States Pulilie 

Health Str\ice 

BETIIKSDA, Ml) 

Ihe primal \ pulmonai\ Uinioi. next to mammat\ catemoma, is tbe 
most common Hpe of neoplasm in mice Tbe Yanous inbred stiains 
of mice that bate been established m laboiatoiies tbiougbout tbe YY'oiId 
sboYY' marked difteiences m susceptibibtY to tbe occuiiencc of pulmonaiy 
tumois, and it has been asseited that the susceptibilitY is a genetic 
dominant chaiacleiistic ^ The tumois can be induced In the intioduction 
of carcinogenic Indrocaibons into the animals The susceptibility to 
the induction of piimaiy pulmonaiy tumois varies maikcdly in ditlcicnt 
stiains of mice and is paiallel to then susceptibility to the spontaneous 
occurience of giowths , i e . the mice most susceptible to the spontaneous 
occurrence of tumois of the lungs aie also most susceptible to the 
induction of pulmonai} tumois Y\'ith caicinogcns- 

In 1938 Andeivont" published a study on the compaiatnc sus- 
ceptibility of eight mined stiains of mice to tbe spontaneous occuirence 
the induction and the tiansplantation of tumors The susceptibility to 
induction of pnmaiy pulmonar} tumois Y\'as detei mined fiom animals 
giYcn 1, 2, 5, 6-diben7antbiacene subcutaneously 

This is a lepoit of a similai iiiY^estigation, comparing the sus- 
ceptibility of seven inbred stiains of mice to the induction of piimaiY 
pulmonary tumors by intravenously injected 20-methylcbolanthi ene The 
intravenous route of injection is moie advantageous foi this determina- 
tion because the dose of the hydrocaibon coming in contact Yvith the 
lungs is directly ascertainable and because tumors at the sites of sub- 
cutaneous injection aie avoided The study Yvas undei taken to asceitam 
Yvhetber tbe use of a difteient carcinogenic hydrocarbon and a difterent 

1 Bittner, J J Pub Health Rep 53 2197, 1938 

2 Andervont, H B Pub Health Rep 54 1512, 1939 

3 Andervont, H B Pub Health Rep 53 1647, 1938 
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loute of administiation would influence the icsults and to compaie the 
histologic appeal ance of the pulmonaiy tuinois elicited in the various 
stiains of mice 

nXPnRIMENTAL PROCEDURr 

The expeiiiTient was started in December 1938 Mice of stiains C, I, Y, GH 
and C57 black w'ere boin and raised in this laboratorj, and mice of strains A and L 
(or strain M [leaden]) w'ere obtained from the Roscoe B Jackson Alemorial 
Laboratory The animals were kept under identical environmental conditions With 
the exception of the C57 blacks, a stiam in which onlv males weie available, ecfual 
numbers of males and females wcie used 

When 2 to 3 months of age, 38 A, 33 C, 27 I, 2A Y, 26 Call, 21 CS7 black 
and 22 L strain mice were each given intravenoiish, in the lateral tail vein, an 
injection of 0 5 mg of methylcholanthrcne dispersed in 0 5 cc of hoise scrum and 
cholesterol The dispersion was prepared according to a technic described pre- 
MOUsl}' 1 

Five 01 more animals of each strain were killed and examined six, thirteen, 
twenty, twenty-six and thirty-two weeks after the injection The lungs were fixed 
111 Tellyesniczky’s fluid and were examined grossly for pulnionarj nodules, nodules 
vnsible on the external surfaces of the lungs were counted Single sections of the 
lungs were stained W'lth hematoxylin and eosin 

RELATIVE SESCEPIIRILITIES OF SEX EN STRAINS OF MICE 
Five mice died of iiiteicunent infection in the course of the 
expeunient, and data on these were not included m the study At post- 
moitem examination, none of the mice used in this study xvas obseixed 
in the gloss to haxe tumois othei than pulmonaix tumois In about 
half of the C57 black mice, hoxx'evei, chronic pneumonia dex eloped, xvith 
laige white patches of inflammatoi}' leaction in the lungs 

Table 1, piesenting the lesults, shoxvs that mice of stiain A aie 
much moie susceptible to the induction of pulmonaiy tumois by intia- 
venous injection of meth) Icholanthi ene than any of the othei six strains 
In six weeks all of the animals shoxx'ed multiple tumois of the lungs 
As a matter of fact, 0 5 mg of methylcholanthiene intioduced mtia- 
x^enously induced an average of 5 pulmonaiy tumois m 80 pei cent of 
stiain A mice four weeks aftei injection® The numbei of tumois m 
each pair of lungs increased as the time aftei injection piogresses 
Thus, at six xveeks each mouse had fiom 8 to 48 nodules, oi an average 

4 (a) Loienz, E, and Andervont, H B Am T Cancel 26 783, 1936 
(b) Andervont, H B , and Lorenz, E Pub Health Rep 52 637, 1937 The 
dispersion was prepared by Dr Lorenz The hv'^drocarbon was a sjuithetic product 
with a melting point of 179 8-180 4 C (corrected), and the final concentration was 
checked by absorption spectrum analysis 

5 Shimkin, M B Arch Path , this issue, p 239 
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of 25 nodules animal, and at twenty weeks the aveiage numbei of 
pulmonary tumois pei stiam A mouse was 47 No pulmonaiy tuinois 
were seen m the other stiains at six weeks, nor at thirteen w'eeks except 
foi a single pulmonary nodule in a stiain Y mouse 

Strain C is next in oidei of susceptibiht) to de\elopment of luinois 
of the lung, wdnch appealed m animals killed tw^ent} weeks aftei injec- 
tion of the hydiocarbon An inciease m the number of pulmonan 
tumors per animal as the lime aftei injection inci eased w^as also erident 
in this strain 

Stiains I and Y aie of medium susceptibility, the I mice aie shghth 
moie susceptible than the Y animals Tumors began to occur in mice 
killed at tw’^enty w'eeks Six wrecks latei about 60 per cent of the animals 
show^ed nodules, and the aflected mice had an average of about 3 nodules 
pel pair of lungs The CjH stiain is less susceptible than the I or Y 
stiains, tumors w'eie obseived in half of the animals twent 3 ’’-six weeks 
after injection 

Strains C57 black and L aie compaiativel) lesistant to the induction 
tumors of the lung One tumor appealed in a C57 black mouse in tw'enh - 
SIX wrecks, and twm tumois in a mouse of the L stiain in thirtj-two 
weeks 

Iball ® proposed that the lelalne potenc) of carcinogenic compounds 
can be expressed by the index L X 100, m which P is the peicentage 
of animals in wdiich tumors develop and T the average latent peiiod in 
days A similar index can be devised foi the lelative susceptibilit\ of 
various strains of mice to pulmonary tumors Z ^ ^ X 100, m w'hich 
P IS the percentage of animals in A\hich tumors of the lungs develop. N 
the average number of pulmonary tumoi s per tumor-bearing animal, and 
T the immmal latent period for the appearance of tumoi s of the lungs in 
days According to this index, the lelative susceptibilities of the seven 
stiains of mice to 0 5 mg of methylcholanthrene injected intravenously 
can be expressed as strain A, 1,400, strain C, 300, stiains I and Y. 
100, strain CjH, 50. and strains C57 black and L, 10 

PATHOLOGIC OBSERVATIONS 

Primary pulmonar}'^ tumors m mice have been desciibed on numeious 
occasions, and Tyzzer’s report ' is still unexcelled Recently, Grad^ and 
Stewart,® of this laboiator}^ studied the histogenesis of the induced pul- 
monary tumors m strain A mice, the evidence is that at least the great 

6 Iball, J Am J Cancer 35 188, 1939 

7 Tyzzer, EE J M Research 21 479, 1909 

8 Grady, H G , and Stewart, H L Am J Path , to be published 
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majoiit} of these neoplasms aiise fiom the cells of the aheoh and not 
fiom the Inonchi 1 hev aie adenomatous tumois extiemely umfoim 
m appeal ancc "J he nodules situated usualh just below the pleuia and 
connected with the thickened pleina consist of modciateh laige lound 
01 cuboid cells with dehnite houndanes and laigc lound oi ocal nuclei 
The giowth is f.iiily solid and m many aieas the cells aie aiianged 
aiound a cential cavit) suggesting alveolai airangemcnt Bloodvessels 
aie few and mitoses aie laie The tumois aie not encapsulated 

The induced tumois aftei appealing lathei suddcnlj gtow slowly, 
so that in six months tlie nodules ina\ piogicss fiom jnnpoint si/e to 
a diametei of a few millimeters j\Jain of the oldei tumois haic the same 
appeal ance as the youngei ones, but some show moijihologic changes 
the cells become laigci, the tumoi is moic glandulai and ]>apillaiy, and 
occasional cystic aicas aie encounteied The laigei tumois may he in 
contact with bionchioles, but actual iinasion of these stiuctines In the 
tumoi IS not common 

It is believed that practicalh all these tiimois aie identical and they 
aie theiefore lefened to simpl) as “adenomatous tumois ’ 

She Holmes and Wells'' m a studj, of 160 spontaneous pulmonaiy 
tumois in mice, classified 20 as “unquestionabh caicinomas,” 43 as show- 
ing “a leasonabh suie malignant tendenc} ’ 41 as of “doubtful mahg- 
nanej" and 56 as “benign ” It is possible that the neoplasms oiiginate 
as nonmalignant tumors and then change moie oi less lapidly into the 
malignant type 1'hat all these tumors eithei originally oi eventuall} 
are malignant is suggested by the following (1) The\ ,iie not encap- 
sulated and they invade the lung tissue, (2) theie is piogiessive giowth, 
although actual death of the animal cannot be altiibuted to them, (3) 
they change m inoiphologic nature wnth age, (4) the\ aie tiansplant- 
ablc to mice of the same strain, and m the subcutaneous tissues often 
assume a sarcomatous appearance,” and (5) metastases outside the 
lungs, although raie, have been demonstrated 

$ 

In this study, only single sections of the lungs weie taken, a final 
decision concerning many points has to aw^ait obseivations on serial 
sections One hundied and twentj^-six individual induced piimary pul- 
monary tumois, occurimg m 78 mice, weie gatheied spine fiom the 
pathologic collection at this laboiatoiy, so that tumois induced m various 

9 Slye, M , Holmes, H F , and Wells, H G J M Research 30 417, 1914 

10 Campbell, J A Bnt J E\pet Path 18 215, 1937 

11 Andervont, H B (a) Pub Health Rep 52 347, 1937 (/;) 54 1319, 1939 

12 Slye and others ” Campbell lo 
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ways and by dibenzanthracene as well as by methyl cholantbrene weie 
included Twelve spontaneous single tumors weie also consideied 
(table 2) 

All of the pulmonary tumois, with the questionable exception of 2 
tumois 111 CgH female mice m vliich the possibility of metastases fiom 
tumoi of the bieast could not be excluded, weie lemarkably unifoim in 
appeal ance (figs 1 and 2) A few older tumors, which had been piesent 
over seven months, looked slightly diflferent , of these. 4 had a cystade- 
nomatous structure, and 2 contained spindle cells as well as the adenoma- 
tous cells Of the 138 tumois. 111 weie directly subpleuial, and 
thickening of the pleuia was noted with 84 Nineteen of the tumors, 
12 of which ^^ele seven months old oi older, weie noted to have mitoses, 
moie than one mitotic figure, up to eight, were piesent in only 5 tumois, 

Table 2 — Pulmonary Tumois in Mice Examined Htslologicallv 




Xumber 

Xumber 


Number 

Number 



Induced 

Spontaneous 

Number 

Tumors iMth 

'Tumors 



Tumors 

Tumors 

Subpleural 

TbicLencd 

Shoaling 

Strain 

Mice 

of Lungs 

of Lungs 

'Tumors 

Pleura 

Mitoses 

A. 

41 

67 

0 

'7 

40 

5 

0 

IG 

30 


27 

20 

S 

I 

10 

S 

2 

7 

3 

1 

Y 

9 

7 

2 

S 

0 

2 

C^H 

S 

S 

1 

7 

7 

3 

C57 

0 

3 


4 

4 

0 

1/ 

1 

1 


1 

1 

0 

Total 

90 

12G 

12 

111 

S4 

19 


all fiom mice killed at least six months alter the introduction of the 
cai cinogen 

There was no difterence of appearance (except that due to age) 
between (1) spontaneous and induced tumois, (2) tumois of the six 
strains of inbred mice, (3) tumors produced by methylcholanthi ene and 
tumois produced by dibenzanthracene, (4) tumois produced by diffeient 
routes ()f injection (subcutaneous, intravenous oi intrati acheal , (5) 
tumors induced with the carcinogen in dififeient physical states (dissolved 
in lard, dispersed in horse serum, as cholesterol pellet, oi adsoibed on 
charcoal) Andervont “ reported that pulmonary tumors pioduced in 
strain A mice with 2-amino-5-azotoluene or 3,4,5,6-dibenzcarbazole are 
also similar macroscopically and microscopically to tumors induced by 
the hydrocarbons 

13 Shimkin, M B Am J Cancer 36 538, 1939 

14 Andervont, H B Pub Health Rep 54 1529, 1939 
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COM MI r 

i he itlalnc suset]ilii)ihlies ot 'ie\on sliains of mice to induction of 
innnan piilnionan tuniois by intiaAcnoush injected nictln kholantin cue 
atjiee witli the i exults obtained In Andenonl ' nith suhcutancoiicly 
injected 1,2 5 6-dihen/aiuhiaccne m l.iid He deteininicd that stiain A 
mice weie highh biisciptihic to the induction of pulnionai} tiiniois In this 
agent and tliat the C stiain w.is next in siiscciMihilit) , ‘^tiains 1, CJl 
and y weie designated as ol nicduim susceptibility, and stiains C57 
Idack L and D as icsistant Jtimois of the lungs weie induced in all 
stiains, howc\cr including the thiee usistant ones ' ’ 

Pile use of mctln kholantin cue lathei than 1 2,S,6-dihcn7anthi<iccnc, 
and the use of the mtra\cnous unite of injection instead of the suh- 
lutaneous therefore, did not influence the lesults 

It IS also cMdcnt that the susceptihiht} of the stiains to induction 
of pulnionai} tumois is ])<iiallel to then susceptibility to spontaneous 
de\clopnH*nt of jnilmonaiy tumois Thus, ovci 70 pei cent of stiain A 
mice o^cI a }ear old ha\c tumois of the lungs ’ . e\en at six months the 
incidence is about 10 pci cent " 'J'hc gicat majoiit} of the spontaneous 
tumois in str.iin \ mice as in the othci stiains, aic single, in contiast 
with the multiple induced tumois 

In stiam C mice ovci a \cai old the incidence of spontaneous tumois 
of the lungs IS 20 to 30 jier cent Recent data obtained he Andei vont 
show that in 187 strain I mice ol an a\eiagc age of 15 months 30 pul- 
monai} tumois wcic seen (16 pci cent) and that of 110 stiain V mice 
ol an acciage age of 13 months 11 (10 pei cent) h,id pulmonan tumois 
Of 165 C H mice about 14 months old 11 (7 per cent) had tumois of 
the lungs The icpoitcd incidence of spontaneous pulmonary tumois 
in strain C57 black ovci a }cai old is less than 1 jiei cent The inci- 
dence of jnilmonaiy tumois in the L mice has not been lecoided, but the 
stiain IS 1 elated to the C57 and is lesistant to spontaneous tumois of the 
lungs 

The jMiallchsni between the susccjitibihty to spontaneous develojniient 
ol jnilmonaiy tumois and that to induction of jnilnionaiy tumois W'lth 
caicinogenic hydiocaibons suggests that the hjdiocaiboiis aie acceleia- 
tois of some jdioccss inheient in the animals It is inteiestiiig that the 
estrogens have a similai action , male mice of stiains in wdiich the females 
are highly susceptible to spontaneous development of nianimaiy cancel 
readily acquire inammaiy tumois on tieatinent wnth estiogens, while male 

15 Andervont, H B Pub Plealth Rep 54 1524, 1939 

16 Andervont, H B Unpublished data 

17 Andervont, H B Pub Health Rep 54 1158, 1939 

18 Little, C C , Murray, W S , and Cloudman, A M Am J Cancer 36 
431, 1939 
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mice of strains in which the females have a low incidence of this type of 
tumor are much more i esistant to the agent However, with sufficient 
carcinogen oi estrogen and sufficientl)'^ long peiiods of time, ptilmonaiy 
tumors can be elicited with the foimer and mammary tumois witli the 
latter even in the resistant strains of animals The difference in sus- 
ceptibility of various strains of mice to induction of pulmonary tumois 
IS apparently a matter of degiee, and, as Andervont stated,” hereditary 
factors exert their influence by controlling the degree of susceptibility 

SUMMARY 

Seven strains of mice weie tested for then susceptibility to induction 
of piimary pulmonary tumors by the intiavenous injection of 20-methyl- 
cholanthrene Strain A is most susceptible, strain C is next in suscepti- 
bility, strains Y, I and CgH are of medium susceptibility, and stiains C57 
black and L are relatively resistant 

The relative susceptibility to induction of primary^ pulmonary’’ tumors 
IS parallel to the susceptibility to spontaneous development of pulmonary 
tumors , 1 e , mice which show the greatest number of induced pulmonary 
tumoi s also show the greatest number of spontaneous tumors of the lungs 

The pulmonary tumors induced m mice ai e adenomatous and almost 
identical in appearance There is no morphologic difference (1) between 
spontaneous and induced tumois, (2) between tumors induced in the 
seven strains of mice, (3) between tumors produced by methydcholaii- 
threne and those produced by 1,2,5,6-dibenzanthracene , (4) between 
tumors induced by diffeient routes of injection (subcutaneous, intra- 
venous and intratracheal) or (5) between tumors induced by'^ the car- 
cinogen in different states (in lard, in horse serum, as cholesterol pellet 
or adsorbed on charcoal) 

19 Gardner, W U Arch Path 27 138 1939 

20 Twombly, G H Proc Soc Exper Biol & Med 40 430, 1939 
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10 C\RCrNUGIMC inOKOCAKllONS 

\11C1J\1:L D SIIIMKIN, MD 

IlITIir‘>I)\, MO 

1 he mbicd strain of albino iniec designated as stiain A was estab- 
lished by Strong,’ m 1921 The hieeding females ba\e a high incidence 
of maininai} caicinoma and both males and females aic \e\\ susceptible 
to the de\elopment of jiiimaiv jnilmonar}' tumois-, the occurience of 
otbei t}pes of neojilasm m the stock has also been lecouled ' 

The lungs of strain \ mice aie evtiemel}'^ susceptible to the induction 
of tumors with caicmogcnic agents and aie a desiiable tissue foi many 
phases of nncstigation of the action of cancel -pi o\okmg compounds 
This papei clesciibes the i espouse of the lungs of stiam A mice to three 
carcinogenic poh nuclear aromatic Indiocarbons, with special reference 
to the eflccts of dose, of the route of injection, of the medium foi the 
comiiounds and of the time aftei injection of the appeal ance of the 
induced pi imai\ pulmonai) tumois The studies aie based on pi cvious 
work done m this laboiator\ by Di H B '\nder\ont' and were 
initiated in December 193<S 

L\PI RIMi:XT\L PROCLDORr 

The inbred strain A mice used in these iincstigatioiis were obtained from the 
Roscoc B Jackson ^fcniorial Laboratorj, of Bar Harbor, Maine lbe\ were 
nnintained on Purina dog chow,’’ with an unlinntcd supph of w’ater, and tindei 

From the National Cancer Institute, United States Public Health Service 

1 Strong, L C J Hered 27 21, 1936 

2 Bittner, J J (a) Am J Cancer 27 519, 1936, (b) Pub Health Rep 

53 2197, 1938, 54 380, 1939 

3 Cloudman, A M , Bittner, J J , and Little, C C , in Some Fundamental 
Aspects of the Cancer Problem, Symposium Sixmsored by the Section on Aledical 
Sciences of the American Association for the Advincement of Science, New York, 
Ihe Science Press, 1937, p 37 

4 Andervont, H B (n) Pub Health Rep 52 212, (b) 304, (c) 347 and 
(d) 1584, 1937, (c) 53 229, 1938, (/) 54 1512, (g) 1519, (/;) 1524 and (i) 1529, 
1939 

5 According to the manufacturer, the chow contains the following ingredients 
protein, 20 per cent , fat, 3 per cent , carbohydrate, 56 per cent , ash, 6 per cent, and 
water, IS per cent, with vitamins A and G added 
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identical environmental conditions They were from 2 to 3 months of age at tlie 
start of the experiments, and the experimental groups usually included equal 
numbers of males and females, which were kept separate 

The carcinogens employed were 20-meth3'lcholanthrene, 1,2,5,6-dibcnzanthracene 
and 3,4-benzp3rene ® The compounds w'ere purified b} Dr J L Hartw’ell, and the 
melting points w^eie 179 8-180 4 C, 266 0-266 8 C and 178 6-179 0 C (corrected) 
respectively The dispersions of methvlcholanthrene and dibenzanthracene in 
horse serum and cholesterol w'ere prepared bv Dr Egon Lorenz according to a 
technic described previouslj," and the final concentrations w’ere checked bv absorp- 
tion spectrum analysis 

At designated periods after the injection of the carcinogens the animals w'cre 
killed by cervical dislocation and autopsies made grossh The lungs w'ere examined 
for the presence and the number of white nodules and were fixed in Tellvesniczla’s 
fluid After fixation the nodules in the lungs, especiallv when small, became more 
evident, those in each pair of lungs w’ere counted and the number recorded The 
tissue was sectioned and stained with hematoxj hn and cosiii for histologic 
verification 

RESULTS 

Since the great majonty of pulmonaiy ttimois m mice is found 
dnectly underneath the pleura,'' it tvas possible to count the tnmois on 
the external surfaces of the lungs with gratif}mg accuiacy, especial!) 
aftei fixation Histologic sections attested that the gioss appeal ance of 
the pulmonaiy tumois ivas characteiistic the) weie peaily, shiny, round 
areas, slightly laised and shaiply distinct fiom the surioundmg lung 
tissue (fig 1) Occasional eiiois in the gross diagnosis 3veie encoun- 
tered in mice with chronic pneumonic infiltration of the lungs oi with 
laige lymphatic patches, in most of these, how’^evei, diffeientiation 
Avas eas)'^, as the inflammatory or lymphomatous patches appealed as 
extensive, silghtly nodulai oi smooth iriegular gra)nsh aieas with ill 
defined boundaiies 

The induced pulmonary tumois m stiain A mice (and in othei 
inbred stiains as well) are inoiiDhologically identical wnth the pulmonaiy 
tumors of spontaneous oiigin except foi then frequency and multi- 
plicity® The) arise fiom the alveolar lining of the lung'' and occui 
at the same site, just beneath the pleura They aie of the same 
macroscopic and microscopic appearance adenomatous tumois wdnch 
with advancing age often assume a papillary structure Recognizable 
grossly when they are of pinpoint size, the tumors grow rapidly to a 
few millimeters in diameter, and then remain fanly stationaiy (figs 

6 Throughout the paper the compounds are referred to as methylcholanthiene, 
dibenzanthracene and benzpyrene 

7 (cr) Lorenz, E, and Andervont, H B Am J Cancer 26 783, 1936 (h) 
Andervont, H B , and Lorenz, E Pub Health Rep 52 637, 1937 

8 Shimkin, M B Arch Path , this issue, p 229 

9 Gradjq H G , and Stew'art, H L Am J Path , to be published 
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1 .111(1 2 ). clialli of the animal is not atli ihiil.ihlc to then picscncc 
Inflamin.itoi \ leaction is siirnifitanll) absent in and .iiound the Illinois" 
The site and the nioiphologic chaiactci of the induced piilinonan 
tuinois arc not alteied In ^aIlatlons m the taicinot^en the inednim of 
the carcinogen oi the loiite of injeetion '' 

r>oth the spoilt. ineons and thi indneed ptihnonan tuinois aie tians- 
plantahle in the siihentaiicons tissue of mice of the s.une stiain whcie 
they otten undeigo a i cm, likable ehanq;e m .ijipeaiance and heeome 
spindle cell tiimois '• >- 

That these piilmonaiy tuinois aic oiigmalK oi eientualh malignant 
IS suggested In then iinasion of the lung and lack of cneajisulation 



Fig 1 — -k siionl.inecnis pulmonarN tuiiioi in sli.mi \ nnlc mouse 8 niontlis 
old X 3 5 B nuiuced nniltipic pulmon ir\ tumors m strain A male mouse 
tliirtcen weeks after an intravenous injection of 1 5 mg of mctln Icliolantlircnc 
dispersed in 1 S cc of horse scrum md cliolcstcrol , X 3 5 

then piogiessive giowth and change m appeaiance, then tiansplantabiht} 
and the demonstiation of occasional metastases outside the lung 

hi pc> uncut J Jncidcmc of Sponiancou<! Lumj Tuinois — Knowledge of the 
incidence of spontaneous pulmonarj tumors m strain A mice is an obvious essential 
for the interpretation of results wath carcinogenic agents Bittner - reported the 
incidence of pulmonari tumors m strain A mice of advanced age at an aacrage 
age of 14 8 months, 716 per cent haae pulmonarj' tumors, and the incidence rises 
to 89 2 per cent at an average age of 19 5 months Ihis information, compiled 
according to the average age rather than month bv month, does not meet the 


10 (a) She, M , Holmes, H F, and Wells, H G J KI Research 30 417, 
1914 (b) Campbell, J A Brit J Exper Path 15 287, 1934 18 215, 1937 


242 


ARCHIVES OF PATHOLOGY 









Sl]niKl\—l\DL CJ:D PbLMO\ iR) lb MORS /'V MICE 243 


requirement of CNpenmenls with e irciiioi'eiis, winch often are terniinatecl long 
before the aniinalt. re leh ‘^ueh ages 

The data on the nuKlence of spontaneous pulnionar\ tuinois in strain A iniee 
uiuler 1 \ear ol age weic therefore githered and supplemented h\ those from 
additioinl autopsies The mice meluded both males and females, is se\ does not 
'ufluenee the ineidenee ot these tumors 

Table 1 shows that jatlnionai \ tuniois appeal in stiain A mice as 
\oung as 3 moiuhs and that the ineidcncc uses ijiadnalU tow aid the 
fit^iiics ' 4 uen In Ijittnei \t 8 oi 9 months ot ai^c. when the longest 
cxpeiiincnts deseiihed heie weie teiminatcd, the ineidence is 17 to 
35 pel cent 

Of speei.il Intel est is the fact that few of the spontaneous ])ulinonan 
tumois in strain \ mice ate multiple J hns uj) to 10 months of age 
onh 1 animal with moic than 1 jnilmonan tiinioi was found in a total 
of 43 mice heaiing tumois ot the lungs 4 he incidence of multiple 


Taiiii 1 — E\ f'i I iiiicitt 1 Incidence of Sfontanenns Pnhnonaiv Tuniot<; 
in S/iiiin /-i Mnc L ndci ] ) kii Old 
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tumois increases with achance m age, of 31 pulmonai} tumois seen 
in mice o\ei a yeai old (aveiage age 15 months), 7 weie multiple 
Usually these mice liaAC 2 tumois pei pan of lungs, hut up to 10 
tumois in an animal 16 months of age ha\e been ohsened In judging 
whether pnlmonaiy tumois in mice aie induced b^ any given agent 

01 aie of spontaneous oiigin, the numhei of pnlmonaiy tumois pei 
animal as w'ell as the incidence of such tumois in a gioup of animals 
must he taken into consideration 

Ex pci intent 2 Jnti avenons Injection of ^Ictli\lcliolaiit1ii cue — Strain A mice 

2 months of age, w'lth an equal number of males and females in each group, were 
given intravenousl} , in a lateral tail vein methylcholanthrene dispersed in horse 
serum and cholesterol to equal 1 mg of the hjdrocarbon per cubic centimeter 
of the serum, as follows 

(o) Forty animals received an injection of 0 5 cc , the amount tolerated without 
mortality The dose ivas repeated in seven hours and again in sixteen hours, so 
that w’lthin tw'ent\-four hours the mice received 15 mg of methylcholanthrene 
in 1 5 cc of horse serum Eight mice died during the second and third injections 
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(b) Sixt>-four mice received a single injection of 0 5 mg of mctin Icholanthrene 
in 0 5 cc of horse serum Two animals died of intercurrcnt infection before the 
termination of the experiment The results in this group have been reported in 
part elsewhere ^ 

(c) Thirty-three mice were given 0 1 mg of inethvlcholanthrene dispersed 
in 0 1 cc of horse serum This dose was found previoush to cause pulmonar\ 
tumors in strain A. mice within fiA'e months 

The animals were killed at three, four, five, six, thirteen and twentv weeks 
after the injection ot the carcinogen, and the incidence of pulmonarv tumors in 
the group and the number of tumors per pair of nn-olvcd lungs determined 

The lesults aie summaiized in table 2 and ate i ecapitulated in 
giaphic form in figuie 3 Pinpoint tumois began to appear in the lungs 
within foiii weeks aftei the intravenous injection of 1 5 oi 0 5 mg of 
methylcholanthiene The number of tumois and the size of the indi- 
vidual tumois mcieased with piogicss of time aflei the injection, so 

Table 2 — Ex pci uncut 2 Incidence of Pulnwnai v Tumois in Stiaiii 4 Mice Afici 
Inti avenons Injation of McthAcholantlu cnc 
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that m thiee months the mice that leceived the laigei dose had an 
av^eiage of 74 sepaiate j^ulmonaiy tumois j^ei pan of lung (fig IP) 
It IS to be noted that the aveiage numbei of pulmonar} tumois 
per animal, as well as the numbei of mice beaimg tumors, is diiectly 
proportional to the dose of the hydrocaibon administeied Thus, at 
four weeks all mice giv^en 1 5 mg had tumois of the lungs, wheieas 
2 of 10 mice leceivmg 0 5 mg were uninvolv'^ed At six weeks all of 
the animals leceiving either dose had multiple tumors of the lungs, 
but with 1 5 mg the average number per mouse was 55, compaied with 
25 foi animals receiving 0 5 mg At this time, only half of the mice 
which had been giv^en 0 1 mg had pulinonaiy tumois, and the tumoi- 
beaiing animals had an aveiage of 2 such tumors 

It has been proposed ® that the relative susceptibilities of v'^arious 
inbred strains of mice to induction of pulmonary tumors by caicinogenic 
hydrocarbons can be expressed by the index T . A . ^ x 100, in which 

11 Shimkin, kr B Am J Cancer 36 S38, 1939 
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P IS the peicentfige of animals m which pulmonai}' lumois develop, 
N the a^elage mimbei of such tumois pei tumoi-beaiing animal, and T 
the minimal time m da}s m which the tumois appeal 

In this exjieiimcnt the validity of the index can be detei mined by 
the \ allies obtained i\ith the thiee doses of methylcholanthiene Foi 
1 5 mg, the index is 4,200, foi 0 5 mg. 1,400, and foi 01 mg, 250 
The ^ allies aie almost exactly piopoitional to the dose 4,200 1,400 
250 1 5 0 5 0 1 



Fig 3 — Response of the lungs of strain A mice to intravenously injected 
methylcholanthrene dispersed in horse serum Ihe dash line represents the response 
to 0 1 mg , the solid line, that to 0 5 mg and the dot-dash line that to 1 5 mg 
(from table 2) 

E\peiimcnt 3 Mimmal Dose of Mcthylcholanthi enc — In order to ascertain 
the minimal intravenous dose of methylcholanthrene that would produce tumors 
of the lungs, groups of strain A mice 3 months old were given a single intravenous 
injection of the following dispersions of the compound in horse serum and 
cholesterol 

(a) 0 1 mg of methylcholanthrene in 025 cc of horse seium (10 mice) 

(h) 0 05 mg of methylcholanthrene in 0 25 cc of horse serum (10 mice) 
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(c) 0 01 mg of niethylcholanthrene in 0 25 cc of horse serum (20 mice) 

(d) 0 001 mg of niethylcholanthrene m 0 25 cc of horse serum (20 mice) 

The animals given 0 1 mg of methylcholanthrene in 0 1 cc of horse serum 
(experiment 2) were included for comparison, and mice untreated or gnen 
injections of horse serum and cholesterol served as controls 

The mice were killed three to six months later, except for those given 0 001 mg 
and half of the controls, which were kept for another month, when the\ were 10 
months old 

As piesented in table 3, 0 05 mg of methylcholanthiene gnen intra- 
venously induced tumois of the lungs in 90 pei cent of the mice 
within thiee months 

Table 3 — Expoimtnt 3 Minimal Dose of Mcfli\'IcIiolaittlit cue Inh avcnously 
Reqiiiicd io Ptoditce Tiutiois of the Lungs in Stiain A Mice 
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The mteipretation of the lesults with smaller doses is difficult A 
dose of 0 01 mg did not induce pulmonary tumoi s m three months , 
in SIX months the incidence was 40 pei cent At this age, 9 months, 
10 pel cent of the control animals had tumors of the lungs , it seems 
that the hydrocarbon accelerated their appeal ance However, the 30 
per cent incidence among the animals used to establish the occurrence 
of spontaneous pulmonary tumors (table 1) negates the finding 

Fiom the data obtained, it can be concluded that 0 05 mg of methyl- 
cholanthiene given intravenously induced pulmonaiy tumors in strain A 
mice within three months, and that 0 01 mg perhaps acceleiated their 
appearance Concerning doses below 0 05 mg , it is felt that definite 
information cannot be derived from this experiment but could be elicited 
with greater numbers of experimental animals killed periodical!}'' in 
three to six months after injection 
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Expcnmcnt 4 Intiavenous Injecttoit of Dtbaisaniln accne — It has been 
reported that tumors of the lungs appear as quickly after the intravenous injec- 
tion of dibenzanthracene as after that of methylcholanthrene Since the carcinogenic 
index, which takes into consideration the multiplicity of induced pulmonary tumors 
as w'ell as their incidence in the group and time of appearance, allows a more 
exact comparison of carcinogenicity and has been shown to be valid for three 
doses of metlnlcholanthrene (expcnmcnt 2), the following experiment was under- 
taken to cialinte the comparatue cancer-provoking power of dibenzanthracenc 
and methylcholanthrene Percutaneous application and subcutaneous injection of 
the two compounds ha^e cstabhslicd that methylcholanthrene is considerably moie 
carcinogenic than dibenzanthiacene in the induction of carcinomas and sai comas 12 



Fig 4 — Response of the lungs of strain A mice to intravenously injected 
methylcholanthrene (solid line) and dibenzanthracene (broken line) dispersed in 
horse serum (from table 4) 

Forty-one strain A mice 2)4 months of age were given intravenously 0 5 mg 
of dibenzanthracene dispersed in 0 5 cc of horse serum and cholesterol Ten animals 
were killed three, four, five and six weeks after injection and the lungs examined 
for the presence and the number of pulmonary tumors 

The results are given in table 4 and aie compared with those obtained 
with the equivalent dose of methylcholanthrene , a giaphic lecapitulation 
IS presented in figure 4 Tumors of the lungs appealed at approximately 
the same time as with methylcholanthrene, 1 e , in four weeks The 
incidence of pulmonary tumors in the gioup, as well as the average 

12 (ff) Iball, J Am J Cancer 36 538, 1939 (&) Shimkin, M B , and 

Andervont, H B Pub Health Rep , to be published 
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number of tumors pei animal, howevei, was significantly lowei with 
dibenzanthracene Thus, at four weeks 30 per cent had an aveiage of 
1 tumoi per animal, as compaied with 80 per cent with an aveiage of 
5 tumoi s with methylcholanthi ene At six weeks all animals that had 
received an injection of either hydiocarbon had tumors of the lungs, hut 
the average number of tumors was significantly lowei with dihenz- 
anthracene 

The experiment indicates that clibenzanthi acene is less caicinogenic 
than methylcholanthi ene in inducing pulmonaiy tumoi s as well as in 


Table 4 — Expenmeut 4 Incidence of Pulmonaiy Tiiinois in S'tiain A Mice 
Aftei hit) avenous Injection of 0 5 Gin of Mcthylcliolanflii cue 
or 0 5 Mg of Dibenzantlnaccnc 
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Table S - 

— Expel imcnt 5 Incidence of Pulmonaiy Tumoi s in Stiaiii A Mice Given 
Subcutaneously 05 Mg of Methylcholanthi enc oi 0 5 Mg of 
Dibensanthi acene Dispeised in 0 5 cc of Hoi le 

Sciuiih and Cholcstciol 
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inducing cutaneous caicinomas or subcutaneous sai comas It is suggested 
that the time of appearance, the incidence and the aveiage numliei of 
pulmonary tumors pei mouse m stiain A mice aftei the intiaA^enous 
introduction of a carcinogen (i e, the caicinogenic index) can be used 
in determining quantitatively the relative caicinogenic power of the 
caicinogen in compaiison with other compounds The lapidity with 
which data are obtained, as (fompaied with subcutaneous oi percutaneous 
testing, is an additional advantage 

Evpennient 5 Subcutaneous Injection of Methylcholanthi ene oi Dtbciia- 
anthi acene Dtspei ston — In order to ascertain the influence of the route of injection 
on the formation of pulmonary tumors, 40 strain A mice were given subcutaneously 
in the right axilla 0 5 mg of methylcholanthrene dispersed in 0 5 cc of horse serum 





SHIMKIN— INDUCED PULMONARY TUMORS IN MICE 249 


and diolcsterol, and 30 strain A mice, the same amoiint of dibenzanthracene dis- 
persion The animals were killed at three, four, five and si\ weeks after the 
injection of the carcinogens and the lungs e\ammcd for the presence and the 
number of pulmonarv nodules 

The results ate presented in table 5 Pinpoint-sized tumors appeared 
in the lungs uithin fotu weeks aftei the injection of methylcholanthi ene, 
and a tteek latei t\ith dibenzanthiaccne The ntimbei of annuals with 
puhnonan tuinois and the aveiage ntiinbei of tumors per animal lose 
with pi ogress of time aftei injection 

Although the slightly eailiei appeal ance and the slightly greatei 
aveiage numbei of jiiilmonaiv tumois induced by methylcholanthi ene 

TAiiinO — JGi/)c» 11 ) 101 / 6 luticicncc of Puhmiiaiy Tiidiois in Sfiain A Mice TIucl 
Months Aftci Snbcniancoiis Injection of Thicc Cat cinogcmc Hydio- 
cai bons Dissolved in 0 25 cc of Lai d 
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suggest the gi eater cai cinogenicity of the agent as compaied wnth 
dibenzanthracene, the diffeience that is so evident with the intravenous 
loute of administration is obscuied It is apparent that the subcutaneous 
loute of injection is not satisfactoiy for the moie exact determination 
of relative carcinogenicities By the intiavenous loute the compounds 
come in immediate and diiect contact with the pulmonary tissues, when 
the injections are made subcutaneously, the production of tumois of the 
lungs IS modified not only by the relative carcinogenicity of the com- 
pounds but piobably primarily by the ability of the agents to dissolve 
and to reach the lungs Thus, subcutaneously injected chemicals which 
are slowly absorbed from the site of injection and which are rapidly 
destroyed or eliminated would have little opportunity to induce pul- 
monary tumors, whereas with intravenous injection these factors would 
be minimized 

Expel iment 6 Sicbcnfaneoiis Injection of Methylcholanthi cue, Dibenaan- 
tlnaccne ot Benspyicne in Loef— Aiidervont reported that lard solutions of 
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dibenzanthracene are not as efficacious as serum dispersions in producing pulmonar^ 
tumors in mice, probably because the carcinogen is maintained more firmly at the 
site of injection The following experiment was made to determine the influence 
of lard solution as compared with that of serum dispersion, as shown in experi- 
ment 5, and to study the effect of dosage on the incidence of tumors in the group 
and the average number of pulmonary tumors per mouse 

Groups of 10 strain A mice 2 months of age were given subciitaneousl}' in tlie 
right axilla 0 25, 0 5 or 10 mg of methylcholanthrene, dibenzanthracene or 
benzpyrene dissolved m 0 25 cc of best grade lard filtered at 37 C Three months 
later all the animals were killed and the lungs examined for tumors 

The lesults are summarized m table 6 Tumois of the lungs weie 
induced m all gioups of mice within thiee months In contiast with the 
observations with the mtiavenous loute of administiation (expeiiments 
2 and 4) and possibly with the subcutaneous injection of the horse serum 
dispersion (experiment 5), dibenzanthi acene m laid injected sub- 
cutaneously produced pulmonary tumors m a gi eater peicenlage of mice 
as well as a gieatei numbei of pulmonaiy tumois pei animal, than 
methylcholanthrene Benzpyrene was definitel}'^ less carcinogenic m this 
vehicle and with this loute of injection, as fai as tumois of the lungs 
were concerned, than dibenzanthracene oi methj Icholanthiene 

The obseivations aie of inteiest because benzpyrene is more caicino- 
genic than dibenzanthracene in pioducmg subcutaneous sarcoma or 
carcinoma of the skin in mice, although less so than methylcholanthiene 
As a matter of fact, at the teimmation of the expeiiment, 9 of 11 mice 
receiving 1 0 mg of methylcholanthrene and 4 of 10 mice receiving 0 5 
mg of methylcholanthrene had subcutaneous tumors at the sites oi 
injection, whereas no subcutaneous saicoma w^as encountered in the 
other groups 

It IS apparent that with subcutaneously injected lard solutions of the 
three hydi ocarbons there is no pai allehsm between the local cai cinogenic 
power and the ability to produce tumors in the lungs The reasons foi 
the phenomenon aie obscuie, but are likely in pait dependent on the 
physical state of the hydrocaibon, i e , on the ability of the agent oi 
its derivatives to be transfen ed from the locus of injection to the pul- 
monaiy tissue 

With all three compounds there is an accurate con elation between 
the dose of the hydiocarbon and the incidence and average number of 
induced pulmonary tumors Thus, with 1 0 mg of dibenzanthracene all 
animals had an average of 4 4 tumors , with 0 5 mg , the mice had an 
average of 2 8 tumors and with 0 25 mg , 70 per cent of the mice had 
an average of 1 8 tumors The carcinogenic index in this instance, with 
the time being constant, is derived by multiplying the percentage of 
animals in which tumors develop by the average number of tumors per 
tumor-bearing animal, the agieement between the dose and the index 
values IS evident 
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Expenmcnt 7 Time of Appeal ance of Puhnoimy Tnmois zinth Methylcholan- 
tliiene tii Fatty Solvents — In the course of investigations on the effect of various 
solvents on carcinogenesis with ineth3'lchoIanthrene,^3 53 strain A male mice each 
received a subcutaneous injection of 0 5 mg of meth 3 dcholanthicne dissolved in 
0 25 cc of lard, tricapr 3 din, tricaproin, tiicapr 3 'lin-tnlaunn mixture or mouse fat 
Each animal was killed as soon as an indubitable subcutaneous tumor appeared, 
and the lungs were examined for the presence and the number of pulmonar 3 f tumors 

The lesults, as fai as tumois of the lungs vveie conceined, were 
identical with the diffeient solvents and aie summai ized as one gioup 
in table 7 It is seen that tumors of the lungs began to appear in ten 
to tw eh e w eeks in mice given 0 5 mg of methylcholanthrene in fatty 
solvents, and that the number of tumor-beai mg animals as well as the 
av^eiage numbei of pulmonary tumors pei mouse rose as the time aftei 
administiation inci eased 


Table 7 — Expeiimcnt 7 Tune of Appeaiance of Pulmonaiy Tumois m 
Stiaiii A Mice Given Subcutaneously 05 Mg of Mcthylcholan- 
tlircne ni Vaitous Solvents 


Tunc, 

Mice 

Number with 
Tumors of 

Percentage 
with Tumors 

Average Num 
her Tumors 

Weeis 

Killed 

the Lungs 

of the Lungs 

per Mouse 

S 

6 

0 

) 


10 

10 

0 

$ 0 


12 

12 

5 

40 

2 

14 

O 

1 

? 

3 

10 

4 

2 

i CC 

4 

18 

3 

3 

? 

4 

20 

4 

3 

j 85 

3 

22 30 

9 

9 

100 

6 


These data are comparable with the findings with subcutaneous injec- 
tion of 0 5 mg of methylcholanthi ene dispersed in hoise serum 
( expel iment 5) Pulmonary tumors appealed earliei and in greater 
number with the lattei pieparation, probably because of the greater 
diffusibihty and ability to come in contact with the lung tissues 

A group of 10 strain A mice 2 months old, which are not included 
111 the summai y, weie given subcutaneously 0 1 mg of methjdchol- 
anthrene in 0 25 cc of lard They weie killed six months later, 5 
animals had single pulmonary tumors, and 2 had 2 pulmonary tumois 
each The incidence of 70 per cent at eight months was sufficiently high 
to prove that this dose induced pulmonary tumors 

COMMENT 

The induction of primary pulmonary tumors in animals is dependent 
on many factors, which can be divided into ( 1 ) the susceptibility of the 
animal and (2) the carcinogen 

13 Shimkin, M B , and Andervont, H B Pub Health Rep , to be published 
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1 The susceptibility of the animal, a chaiacteristic uhicli is jiiobably 
genetically deterniined, is of two t 3 'pes geneial susceptibility to the 
carcinogen and susceptibility of a specific organ Thus, rabbits are 
extremely resistant to caicinogemc aiomatic h}^diocaibons,^‘ wdiile mice 
are extremely susceptible Susceptibilit}'- of a specific oigan can be 
illustrated by the failuie to produce tumois of the lungs in lats by the 
inti atracheal insufflation of methyl cholanthiene,^'^ wdiile a similar pro- 
ceduie with strain A mice induced tumois of the lungs wnthin five 
months, both species aie susceptible to subcutaneous sai cogenesis with 
the agent 

The inbied stiains of mice show^ a marked difference in their sus- 
ceptibility to induced pulmonaiy tumois, and this indicates the possible 
mode of action of the caicinogens on lung tissue It has been demon- 
strated by means of subcutaneously injected dibenzanthiacene and 
intravenously injected methylcholanthiene ® that the stiains of mice 
wdnch are most susceptible to the development of spontaneous pulmonary 
tumors aie also most susceptible to the induction of these tumors wnth 
the hydiocaibons, and vice versa This suggests that the compounds 
are acceleratois of some piocess mheient and genetically detei mined in 
the animals It is tiue that tumois of the lungs can be induced m all 
stiains of mice, including the resistant ones,^’* but no stiain of mouse 
which has been adequatel) studied at advanced ages is complete!} fiee 
of spontaneous occuiience of this type of neoplasm 

In strain A mice the susceptibility to spontaneous development of 
tumois of the lungs has been shown to be a dominant genetic charactei- 
istic, this is also tiue of the induced tumois ® 

2 The factors concerning the carcinogen in the induction of pul- 
monary tumois can be summarized undei the following headings 

(a) The substances wdnch haA'e been found to pioduce pulmonaiy 
tumois in mice include tai, piobably owing to its benzpyiene content, 
the thiee common polynucleai aiomatic hydrocaibons, methylcho- 
lanthiene, dibenzanthracene and benzpyiene, 8, 9-dimethyl-l. 2-benz- 
anthracene,^® and 3,4,8, 9-dibenzpyrene Tw^o compounds wdnch are 
not hydiocarbons, 3,4,5,6-dibenzcarbazole and 2-amino-5-azotoluene, 
also have been leported to produce pulmonaiy tumors in stiain A xince 

(&) The dose of the carcinogen influences the appeal ance of pul- 
monary tumois in mice In this report it has 'been showni that the 

14 (a) Burrows, H, and Boyland, E Am J Cancer 32 367, 1938 (h^ 

Klinke, J Ztschr f Krebsforsch 47 341, 1938 

15 Valade, P Compt rend Acad d sc 204 1281, 1937 

16 (a) Andervont, H B Pub Health Rep 53 1647, 1938 (i>) Shimkin ® 

17 Little, C C , Murray, W S , and Cloudman, A M Am J Cancer 36 . 
431, 1939 

18 Shear, M J Am J Cancer 28 334, 1936 

18a Kleinenberg, H E Arch Biol Sc (USSR) 51 127, 1938 
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number of animals showing tumors, the aveiage numbei of tumois per 
animal and the time of appeal ance aie diiectly propoitional to the 
amount of hydiocaibon employed (fig 3 and table 6) Lettinga,^® using 
a moie lesistant stiain of mice than the A sham, found that five 
subcutaneous injections of 0 5 mg of dibenzanthiacene produced 
multiple pulmonai}' tumois m the animals, that 0 05 mg injected five 
times laised the incidence of single ptilmonai) tumois and that doses 
below this -wcie meflectne The abiupt tiansition fiom a small to a 
laige numbei of induced tumois suggests an oveiflow of the carcinogen 
fiom the actual site of injection as the cause of the genesis of tumors 
of the lungs 

In stiaiii A mice an mtiavenous injection of 0 05 mg of methyl- 
cholanthiene oi a subcutaneous admmistiation of 0 1 mg in lard induces 
pulmonaiy tumois In this connection, dibenzanthracene injected sub- 
cutaneously in doses ample to induce tumors of the lungs has not been 
detected in the lungs of these animals The dose necessary to evoke 
pulmonary tumors in susceptible mice is theiefoie extremely small, or 
else the h}diocarbon undeigoes alterations which destioy its absoiption 
spectium bands 

(c) The loute bj which the carcinogen is given modifies the induction 
of pulmonary tumors Some of the methods of administration that 
have been used by vaiious investigatoi s are lepeated application of coal 
tai to the skm,-^ inhalation of dust containing tar,"® subcutaneous 
injection of caicinogenic hydiocaibons,^®" dibenzcaibazole or azo- 
toluene, intravenous injection of serum or charcoal dispersions of 
carcinogenic hydiocarbons , injection of the hydrocarbons into the 
peritoneal or pleural cavity oi into the spleen , insertion of a string 
impregnated with dibenzanthracene through the lung , intratracheal 
injection of the hydrocarbons dispersed m horse serum, feeding large 
doses of dibenzanthracene emulsion in olive oil,®’^ or injection of 
dibenzanthracene in olive oil into the stomach by means of a tube 
In the last method mentioned, there is direct aspiration of the carcinogen 
into the lungs 

19 Lettinga, T W De carcinogene werking van kleine doses 1,2,5,6-dibenz- 
anthraceen, Academisch , Proefschrift, Amsterdam, 1937 

20 Kennaway, E L , and Kennaway, N M Acta, Union internat contra 
cancer 2 101, 1937 

21 Lorenz, E Unpublished data 

22 Murphy, J B , and Sturm, E J Exper Med 42 693, 1925 

23 Campbell, J A Brit J Exper Path 15 287, 1934 

24 Schabad, L M Acta, Union internat contra cancer 3 369, 1938 

25 Andervont, H B , and Lorenz, E Pub Health Rep 52 1931, 1937 

26 Furth, J , and Furth, O B Am J Cancer 34 169, 1938 

27 Lorenz, E, and Stewart, H L Unpublished data 

28 Magnus, HA J Path & Bact 49 21, 1939 
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The most efficacious technic of inducing pulnionaiy tumors in mice, 
as far as the rapidity of appearance and multiplicity are concerned, is 
that of intravenous injection Fewer tumois, aiismg later, are obtained 
with the subcutaneous and the intiatracheal mode of administration 

{d) The medium in which the carcinogens are introduced into the 
animals also modifies then action The production of pulmonary tumors 
IS accelerated when a carcinogen is injected in a readily soluble form, 
as in dog or hoise serum dispeisions Various solvents for the hydro- 
caibons, such as lard, glycerin, mouse fat, tricapiom and tricaprylm, 
cause fewei and later-appeai mg pulmonary tumors than the serum 
prepai ations Moi eover, the medium exerts f urthei effects, the explana- 
tion of which IS obscure The relative carcinogenicity of methyl- 
cholanthrene and dibenzanthi acene aie reversed when the compounds 
aie injected as lard solutions rathei than as dispersions in serum 

When the hydiocarbons are maintained fiimly at the site of injection 
by the menstruum, as is true when they are in cholesterol pellets or 
adsorbed on charcoal, few pulmonaiy tumors are produced The lole 
of the medium for the caicinogen is impoitant evidence in support of 
the contention that pulmonary tumors in mice are induced tin ough direct 
contact of the compound oi of its active derivatives with the susceptible 
pulmonary tissue 

(e) The time of appearance of the induced pulmonary tumors 
depends on the susceptibility of the mouse, the carcinogen employed, the 
dose, the medium for the compound and the route of injection With 
1 5 mg of methylcholanthrene injected inti avenously, 100 per cent of 
strain A mice have multiple tumors of the lungs in four weeks With 
0 5 mg of dibenzanthracene injected intravenously, pulmonaiy tumors 
begin to appear m four weeks also, but the percentage of tumor-bearing 
mice and the aveiage numbei of tumors pei mouse are i educed Grady 
and Stewart ® found a single tumor in a stiain A mouse thirty-two days 
after subcutaneous injection of 0 8 mg of methylcholanthrene in lard, 
but at eleven weeks only 50 pei cent of the animals had pulmonary 
tumors In this investigation 0 5 mg of methylcholanthrene in lard 
failed to induce pulmonary tumois befoie the tenth week, and in twelve 
weeks the incidence was 40 per cent Thus, the greatest number of 
tumors in groups of strain A mice or in any one mouse appear earliest 
with the largest doses of intravenously injected methylcholanthrene, the 
time of appearance and the incidence aie slightly longer and less, 
respective^, for intravenously injected dibenzanthracene and for eithei 
hydiocarbon administered subcutaneously 

SUMMARY 

Spontaneous pulmonary tumors, usually single, appear in strain A 
mice 3 months old, and the incidence rises sharply with advancing age 


29 Andervont Andervont and Lorenz 
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Intravenously injected 20-meth} Icliolanthrene induces multiple pul- 
monary tumors within foui weeks, the numbei of mice showing tumois 
and the aveiage numbei of tumois pei pair of lungs is proportional to 
the dose of the hydrocarbon Intiavenously injected 1, 2, 5, 6-dibenz- 
anthracene induces pulmonary tumois as quickly as 20-niethylchol- 
anthiene, but the incidence in the gioup and the aveiage number of 
tumors pel mouse aie significantly lowei 

The definite diffeience m the powei of 20-methylcholanthrene and 
1,2, 5, 6-dibenzanthiacene to pioduce tumois of the lungs is obliterated 
when the compounds aie injected subcutaneously, although the incidence 
m the gioup and the number of pulmonaiy tumois per mouse induced 
IS still propoitional to the dose of the hydrocaibon administered Pul- 
monary tumors appeal later with lard solutions of the compounds than 
with the colloid suspensions injected subcutaneously 

Lungs of strain A mice are an admiiable tissue foi many phases 
of im estigations on the action of cancer-provoking chemicals 



PERICARDIAL MILK SPOTS 


ARTHUR A NELSON, MD, PhD 

WASHIHGTOH, D C 

Localized Avhite opaque fibrous thickenings ot the visceial peii- 
caidium (milk spots, tendinous patches, soldieis’ spots, maculae 
tendineae, Selmenfieckc, etc ), most commonly seen on the anterioi 
surface of the light ventiicle, have been desciibed and their oiigiii 
disputed since at least 1806 ^ Then genesis has been held to he eithei 
mflammatoiy, mechanical or both, and theie haie been about equal 
numbers of adheients of the thiee concepts Theie have been a fev 
more or less successful expeiimental pi eductions of these spots in 
animals Numeious desciiptions of the gioss and microscopic appear- 
ance of the spots in man have been published, but data conceining then 
frequency, age distribution, anatomic location and association \\ ith 
vaiious diseases aie piactically nonexistent, and it is theiefoie the 
pill pose of this papei to piesent such data 

MATERIAL 

The observations in this paper are derived fiom a senes of 494 autopsies pei- 
formed by m 3 ’^self - after I had become interested in tins subject Excluded from 
this number are 50 autopsies on infants under 1 year of age and 13 on older 
persons with obscuring lesions, such as diffuse pericarditis or peiicardial adhesions 
Only definite localized epicardial thickenings of 1 cm or greater diameter (except 
for 6 between 7 mm and 1 cm ) were included , the irregular thickenings frequently 
seen over the coronary vessels were not included 

GROSS OBSERVATIONS 

Of the 494 peisons 1 yeai oi more of age, 170 (34 4 per cent) 
showed one oi moie peiicaidial milk spots (table 1) Of the 439 
persons 18 years oi more of age, 165 (37 6 pei cent) showed spots, 
leaving the remaining 5 cases (9 1 per cent) in the group of 55 persons 
between 1 and 18 years of age (table 2) 

Incidence by Age and Sex — The distribution of milk spots b}'^ age 
groups IS given in table 3 The incidence varies fiom 9 1 pei cent in the 

From the National Institute of Health, United States Public Health Seivice 

1 Tsunoda, T Frankfurt Ztschr f Path 3 220, 1909 

2 The autopsies were performed at the Umversitv of Minnesota, and the 
microscopic sections were made there The compilation of the data was done in 
Washington 
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gioiip fiom 1 to 18 yeais of age to 73 4 pei cent in the gioup 80 oi 
moie yeais of age, the latter gioup is rathei small, howevei, and 
thioughout most of the life span, fiom 30 to 80 yeais, the incidence 
^alles beh\een 32 and 42 pei cent The gioiips m this age lange are 
laige enough to make the figuies of value If the pioduction of milk 
spots weie on a puiely mechanical oi an age basis, there should be a 
definite and maikcd mciease of incidence with age, this senes does not 
show such an increase 

In the hteiatuie the only figuies for the incidence of milk spots aie 
those of Tsunoda,^ vho stated that the incidence in the first decade was 
8 5 per cent, m the second 10 0 pei cent, in the thud 23 0 pei cent, in 

Table 1 — Incidence of Pcncatdial Milk Spots m Age Gioups 


IS l-enrs nnd Over 1 to IS Years All Ages 

f A ^ ^ — ^ , 

Percentage oi Percentage of Percentage of 



Subjects 

Age Group 

Subjects 

Age Group 

Subjects 

Age Group 

With spots 

IC") 

37 6 

5 

91 

170 

34 4 

Vithoiit spots 

274 

62 4 

50 

90 9 

324 

05 0 

lotnl 

439 

100 0 

53 

100 0 

494 

100 0 


Table 2 — Data on Subjects fiom One to Eighteen Yeais of Age 


So\ 

Age, 

Tenrs 

Cause of Death 

Size of 

Milk Spot 

Location 

Weight of 
Heart, Gm 

A1 

lU, 

Hydronephrosis 

3 patches, 
largest 1 cm 

Various 

70 

M 

5 

Tumor of brain 

8 mm 

Left icntricle 

75 

r 

7 

Bums 

8 mm 

Left apex anterior 110 

M 

10 

Dymphatic icuLcmia 

7 mm 

Left ventricle 
anterior 

140 

M 

15 

Tumor of brain 

1 cm 

Right ventricle 

ISO 


anterior 


the fouith 28 0 per cent, in the fifth 47 0 pei cent, m the sixth 54 0 pei 
cent and latei than the sixth decade 65 0 per cent Unfortunately, the 
number of cases on which this senes was based was not given Adami ® 
stated simply that they are to be found m more than 14 pei cent of all 
persons coming to autopsy, while Kaufmann ^ gives the peicentage as 80 

It will be noted that the sex incidence of milk spots is faiily similai , 
males made up 62 7 per cent of the gioup with spots and 69 4 pei cent of 
the group without spots If the subjects 18 years of age and ovei aie 
taken, the figures are even closer, being 64 7 and 69 1, lespectively 

3 Adami, J G , and Nicholls, A G The Principles of Pathology, Phila- 
delphia, Lea & Febiger, 1909, vol 2, p 141 

4 Kaufmann, E Pathology for Students and Practitioners, translated by 
S P Reimann, Philadelphia, P Blakiston’s Son & Co, 1929, lol 1, p 13 
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Numbej of Spots peJ Sttbjecf — ^Tlie numbei of spots found in each 
subject IS given in table 4 It will be noted that multiple spots weie 
somewhat more frequent than single spots The teims in quotation 
marks m the table are taken from the notes made on the subjects 

Stse of Spots — As stated pi eviously, the milk spots included in this 
series were 1 cm oi more m diameter m all except 6 cases The exact 
number of spots of each size found cannot be given foi the leason that 
111 most of the numeious cases of multiple spots, only the size of the 
largest was noted Howevei, it is my estimate that m a large series of 

Table 3 — Incidence of Milk Spots by Age and Sev 


Number With Spots 
» 


Age Group, Tr 

Males 

Females 

Total 

Below 18 

4 

1 

5 

18 29 

8 

3 

11 

SO 39 

8 

8 

10 

40 49 

11 

13 

24 

50 59 

22 

10 

32 

60 09 

34 

7 

41 

70-79 

25 

5 

30 

SO and over 

6 

5 

11 

All ages 

118 

52 

170 

18 and over 

114 

51 

165 


Number Without Spots Number Percentage ot 

— . A — {n A (TA A rrn /^rrtiirv 


Males 

J 

Females 

Total 

in Age 
Group 

Age Group 
With Spots 

26 

24 

50 

55 

91 

16 

IS 

29 

40 

27 5 

18 

10 

28 

44 

36 4 

23 

21 

44 

68 

35 3 

45 

23 

68 

100 

32 0 

38 

21 

59 

100 

41 0 

33 

9 

42 

72 

41 7 

4 

0 

4 

15 

73 4 

203 

121 

324 

494 

34 4 

177 

97 

274 

439 

37 6 


Table 4 — Number of Spots per Subject 


Number of Spots 

Subjects 

Unspecified 

12 

One 

62 

Two 

15 

Three or “few” 

28 

“Several” 

SO 

“Numerous” or “e\tensive” 

23 

Total 

170 


milk spots, the sizes 1 cm , 1 5 cm , 2 cm , 2 5 cm , 3 cm and over 3 cm 
in diametei will comprise about 30, 30, 20, 10, 5 and 5 pei cent, 
1 espectively 

Location of Spots — Table 5 shows that the most common location 
IS on the anteiior surface of the nght ventricle Where the spots weie 
numerous and extensive, the largest and thickest would more often be 
m this area also The table is not complete because in about 30 cases 
spots were merely stated to be present, and in the cases with numeious 
spots each location was not noted On the other hand, frequently cases 
V ith two or three spots will have them in one location 
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Summaiizing, it will be seen fiom table 5 that spots weie noted on 
the light side of the heait 101 times, against 35 on the left, on the 
anteiior suiface 76 times, against 27 on the posteiioi, and on the 
\entricles 116 times, as coinpaied with 17 on the atria 

Assoaafion of Spo{<; tcifh Disease — Peiicaidial milk spots have not 
been definitely associated with anj ceitam disease oi gioups of diseases 
Tsunoda^ stated that the} aie commonest in hypei ti opined oi dilated 
heaits, and Girgcnsohn ' stated that in iheumatic conditions and with 

T \BLE S — Locattoii of Spots 


I ocation Cases 

"Numerous” or t\tcnsi\e’ 23 

nijjht ^ eutiSclc 

Anterior (Ineludinp iniIinonnr\ conus) 54 

Postenor 22 

Unspecified 9 

I eft ^cntrIcle 

Anterior 22 

Posterior 5 

Unspecified 7 

Riplit atrium 1C 

Left atrium 1 

Intraperlcnrdlal aorta S 

■\enaccn\ac 5 


Table 6 — Incidence in at wits Disease Groups 


Group 

\I1 subjects 18 or more jears of ape 

1 Irst group less 42 tvith vahular hoait dis 
ease 

Pirst group less 20 uith se^cre coronarj 
sclerosis 

rirst group less 121 Mith enlargement of tiie 
heart 

Pirst group less 33 with hypertension 

Chronic \alvular heart disease 

Severe coronary sclerosis 

Enlargement of the heart 

Hjpertenshe heart disease 


With Spots W ithout Spots Total 

— , _ >- ^ 


No 

% 

No 

% 

No 

% 

105 

37 6 

274 

02 4 

439 

100 0 

137 

34 5 

260 

05 6 

397 

100 0 

152 

36 8 

2C1 

03 2 

413 

100 0 

107 

33 7 

211 

00 3 

318 

100 0 

151 

37 2 

255 

02 8 

400 

100 0 

28 

66 7 

14 

33 3 

42 

100 0 

13 

50 0 

13 

500 

20 

100 0 

5S 

47 9 

03 

521 

121 

100 0 

14 

42 4 

19 

67 0 

33 

100 0 


healed oi recurrent inflammation in the heart they aie inci eased, neithei 
author gives actual figures Fiom table 6 it seems definite that there is 
an inciease in the number of spots with chronic valvular heait disease 
(old and recurrent iheumatic, subacute bacterial and syphilitic), 66 7 pei 
cent of the subjects with valvulai heart disease showing them, as com- 
pared with 34 5 pel cent for subjects without valvular disease Inci eases 
with seveie coronary disease and caidiac hypertrophy seem faiily 
definite, while an inciease with hypei tension is uncertain The figuie'^ 


S Girgensohn, H Virchows Arch f path Anat 293 73, 1934 
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are based on the 439 subjects 18 oi moie }eais of age, the differences 
would be slightly gieatei if the entire gioup weie used Hearts weie 
consideied enlarged when they weighed ovei 400 Gm in men and 
350 Gm in women 

The distribution of the 42 cases of vahulai disease (old and lecui- 
lent iheumatic, subacute bacteiial and syphilitic) was as shown in 
table 7 It will be seen that the diffeient tjpes of lesions show about 
the same incidence of spots 

Relation to Plewal Adhesions — The piesence and the degree of 
pleuial adhesions were noted m 100 subjects with and 100 without spots, 
to see if there was any increase in the incidence of adhesions m the 
group with spots Only old fibious adhesions weie considered Of the 
100 subjects with pericardial milk spots, 54 also had pleural adhesions, 
in 25 of whom the adhesions weie extensive enough to involve one half 
or moie of the total pleural surface Of the 100 subjects without milk 
spots, 38 had pleural adhesions, and in 20 of these the adhesions weie 

Table 7 — DisUihutwn of Cases of Vahmtai Disease zvith Rcgaid to Spots 


Mitral Valve Aortic Valve Other Valves 

- - ■ X _ 

Old or Old or 

Eecurrent Subacute Recurrent Subacute Calcified Subacute 

Rheumatic Bacterial RheumatlcBnctenal Xodular Syphilitic Bacterial 



Lesion 

Lesion 

Lesion 

lesion 

Lcs.on 

Lesion 

Lesion 

With spots 

11 

3 

5 

1 

5 

2 

1 (pulmonarj ) 

Without spots 

7 

1 

3 

0 

1 

1 

1 (tricuspid) 


extensive Thus, there appeals to be a slight inciease in pleuial adhe- 
sions in the group with pericardial milk spots 

Sige of Heait — The mean weight of the heaits fiom the 165 subjects 
18 or moie years of age in whom peiicaidial milk spots weie present 
was 378 Gm , that of the hearts fiom the 274 subjects in whom peri- 
cardial milk spots were not present was 352 Gm 

Parietal Peiicaiduim — Thickenings of the paiietal pericardium, 
similar in appearance and distribution to those on the visceial peii- 
cardium, occuired frequently, although less so than the lattei No 
special study of the panetal thickenings was made 

EXPERIMENTAL PRODUCTION 

This was fiist attempted by Tsunoda,’- who intioduced pyioxylm, 
glass or rubber foreign bodies iindei the steinums of dogs and rabbits 
(number not stated), and then examined the peiicardium aftei intervals 
of one week to thirteen months During the fiist two postoperative 
months the pericardium was essentially noimal, but after four to six 
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months it sliowed cloudy aieas giossl}’ and a slight inciease in collagen 
mici oscopically . white collagenous aieas appealed in from six to thirteen 
months Ishisaki ^ pioduced epical dial thickenings in 24 of 26 guinea 
pigs by constiictmg the thoiax with a plastei cast Most of these 
epical dial thickenings \\c\c. slight m degiee, but a few weie marked 
Thcie weie also thickenings of the paiietal peiicaidium Good gross 
and micioscopic dcsciiptions and illustiations aie given Giigensohn^ 
injected hoise seium mtrapeiicaidiall}' into sensitized labbits thiough an 
operative incision then killed them six to thnteen weeks latei Peiicardial 
thickenings veic found in 5 of the 10 animals Whethei similar lesions 
might ha^e been pioduced by opeiative mtiapencardial injection with its 
una^oldable tiauma, m unsensitized animals vas not mentioned 

MICROSCOPIC OBSCRVATIONS 

Detailed microscopic desciiptions of pericardial milk spots aie to be 
found 111 the liteiatuie," and there is no intention to duplicate them in 
this papei I will gne onl) a few obseivations fiom the study of 132 
spots 111 this senes vliicli weie niici oscopically sectioned Thiough then 
thickest portions. 27 spots vere fiom 100 to 200 microns thick, 76 were 
fioiii 200 to 350 micions, 19 veie fiom 350 to 500 iiiicions, and 10 weie 
01 er 500 micions thick, these aie approximate measuiements, made by 
compaiing the thickness of the milk spot vitli a micioscopic field of a 
known width of 440 micions Small to large collections of lymphoid 
cells just underneath the fibious spots were frequent, and faiily large 
numbers of lymphoid cells were present within the spots in seveial 
instances Eleven spots showed serosal epithelium enclosed within oi 
penetrating into the collagenous tissue in glandular or canalicular for- 
mation Slight to moderate palisading of fibroblastic cells just undei 
the serosal epithelium v^as seen in 9 cases Long frondlike villi pro- 
jecting into the pencardial cavity weie present in 4 cases, and shorter villi 
01 overhanging ends of collagenous masses were piesent in 11 more 
Frequently more than one of these atypical features were piesent These 
appeal ances, present in 15 oi 20 pei cent of this senes of milk spots, 
suggest or aie tiansitions fiom an inflammatoiy process to the usual type 
of milk spot They weie not seen m any particular type of case, but 
with all types 

SUMMARY 

Pericaidial milk spots occurred in 170 (34 4 per cent) of 494 peisons 
1 yeai or more of age In 439 persons 18 or moie yeais of age the 
incidence was 37 6 pei cent In general, theie is an increase of inci- 

6 Ishisaki, S Virchows Arch f path Anat 244 214, 1923 

7 Tsunoda ^ Ribbert Virchows Arch f path Anat 147 193, 1897 
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dence with age, but this inciease is by no means lectilineai The spots 
are scarce in childieii and veiy fiequent m old age, but between 35 and 
75 years of age theie is little change in incidence 

There seems to be a definite association with chronic oi lecurrent 
valvular heait disease, of 42 persons with such disease, 28 (66 7 per 
cent) showed spots Patients with severe coionaiy scleiosis and enlarged 
heaits showed faiil}’’ definite mci eases (50 0 and 47 9 pei cent, 
respectively) 

The occurience of moie than one spot is slightly moie fiequent than 
that of only one Spots occui on the light side, anteriorly, and on the 
ventricles much moie frequently than they do on the opposite sui faces 
Old pleural adhesions are slightl}’- more fiequent in patients with 
spots than m those without 

Fifteen or 20 pei cent of spots show appearances (piojecting villi, 
cellular exudation, subepithelial palisading oi epithelial enclosures in 
collagenous tissue) which suggest transitions fiom a moie active inflam- 
matoiy piocess to the usual type of milk spot 



Case Reports 


MALIGNANT GRANULOSA CELL TUMOR OF 
THE OVARY 

J S McCartnty Jr, MD, Minneapolis 

Although a laige numbei of gianulosa cell tumois of the ovaiy have 
been lepoited, especially in lecent y^eais, as gianulosa cell carcinoma, 
it IS doubtful whether the name “caicinoma” should be univei sally 
applied to them A majoiity of the lepoits deal with tumois lemoved 
at opeiation Only a few of the patients have been followed for a 
peiiod of five years aftei opeiation, and theie aie no detailed post- 
moitem leports on those wdiose death was due to metastases 

The diagnosis of malignancy has been based almost entirely on the 
micioscopic appeaiances in surgical specimens Novak ^ estimates 
the degree of malignancy as slight, with some 5 to 10 per cent 
recm ring and metastasming, a few being highly malignant Meyer - in 
follow'ing up 33 patients found that 3 had died fiom metastases, hut 
he ga\e no details Habbe^ in following up Meyei’s 33 patients found 
that there had been 5 deaths (2 postoperative) and 4 lecurrences 
Klaf ten * reported that in a group of 80 collected instances i ecui rences 
or metastases w^ere piesent in 4, i e , 5 pei cent Novak and Biawnei ® 
stated that of 32 patients, 6 showed unmistakable signs of a malignant 
growth at the time of opeiation and 3 had lecunences and that 
theiefoie 28 1 pei cent of the giowths were malignant Schillei ° in a 
study of 24 gianulosa cell tumois concluded that from the micioscopic 
standpoint 8 were malignant Novak and Gray,’' studying 42 tumois, 
found that the degiee of malignancy as estimated by micioscopic 
observation was less than in ovarian carcinomas as a whole Taussig ® 
stated that such tumois w^ere usually unilateral and showed no tendency 
to metastasize 

"Von Werdt” repoited an instance in which in a patient who died 
thiee and one-half months aftei operation no metastases were found 
at neciopsy Voigt’s patient died about six months aftei operation 
with evidences of recurrence, but no autopsy was made One of Neu- 

From the Department of Pathology, University of Minnesota 

1 No\ak, E Am J Obst & Gynec 26 505, 1933 Novak, E, and Long, 
J H J A M A 101 1057, 1933 

2 Meyer, R Arch f Gynak 145 2, 1931 

3 Habbe, E Zentralbl f Gynak 55 1088, 1931 

4 Klaften, E Arch f Gynak 150 643, 1932 

5 Novak, E , and Brawner, J N Am J Obst & Gynec 28 637, 1934 

6 Schiller, W Pathologic und Klinik der Granulosazelltumoren, Vienna, 
Wilhelm Maudrich, 1934 

7 Novak, E, and Gray, L A Am J Obst & Gynec 31 213, 1936 

8 Taussig, F J Am J Cancer 15 1547, 1931 

9 vonWerdt, F Beitr z path Anat u z allg Path 59 453, 1914 

10 Voigt, M Arch f Gynak 70 87, 1903 
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mann’s patients died six months aftei opeiation with lecuiience of the 
tumor Aschnei ’s patient also died about six months postoperatively 
with signs of recuiience, but theie was no postmoitem examination 

Arnold, Koeiner and Mathias lepoited the following case A 
woman 68 years of age, with a gianulosa cell tumoi, was fiist operated 
on for an ovaiian tumor in 1908 She had an incomplete opeiation for 
the lemoval of a lecuiience in 1924 and finally died in 1928 of 
“carcinosis universalis ” 

Te Linde seaiched the literature foi the end lesults in gianulosa 
cell tumor and found that of 17 patients followed, 13 veie lepoited 
as well foi fiom one to eleven j^eais after opeiation Of these 13, 2 
only were followed for as long as five yeai s — one, i eported by Isbi uch,^® 
was a woman aged 50 years, who was still alive and well eleien years 
latei, and the other, repoited by Mulleiheim,^® was a woman aged 
69 3 ^ears, who was still well eight years after the opeiation 

Schiller included 16 granulosa cell tumoi s in his benign group 
Of the patients, 4 were alive and well fi^e years, 1 nine }eais and 1 
ten yeais aftei opeiation Another died one month aftei opeiation, of 
pulmonaiy embolism, and at postmortem examination had metastases in 
the left kidney 

A third case of smvival for moie than fi\e yeais may be added 
This concerned a vonian aged 20 yeais who was opeiated on on 
May 6, 1932, and an ovaiy paitially replaced by a tumor 2 cm in 
diametei lemoved This tumor was in pait tjpically folliculai and in 
part C 3 dindioid The patient was alive and well, without evidence of 
recuiience, on Nov 15, 1938 

Fauvet^" repoited 8 instances of gianulosa cell tumoi One 
patient died postoperatively of pulmonaiy embolism, and it Avas found 
that the ovaiian tumor had perforated its capsule and spiead regionaUy, 
in anothei patient recurrence took place Soltmann’s patient died ten 
days aftei operation from paral 3 ^tic ileus, metastases weie present in 
the sacrum Schulze^® repoited 4 instances of granulosa cell tumor 
and mentioned that m 1 instance death with lecuirence took place four 
3 eais after operation, autops 3 ^ was appaienth^ not done 

Of the 8 patients with malignant tumoi s i eported b 3 '- Schillei and 
mentioned in a foregoing paragiaph, 2 showed metastases at the tune 
of opeiation, a third died four da 3 ’^s aftei operation fiom pulmonaiy 
embolism and showed at postmoitem examination peiitoneal metas- 
tases, while a fouith died four months aftei operation uith geneialized 
metastases On the last an autopsy was appaiently not done 

11 Neumann, H O Virchows Arch f path Anat 258 284, 1925 

12 Aschner, B Arch f Gjnak 115 350, 1922 

13 Arnold, W , Koerner, J, and Mathias, E Virchows Arch f path Anat 
277 48, 1930 

14 Te Linde, R W Am J Obst & Gynec 20 552, 1930 

15 Isbruch, F Zentralbl f Gynak 50 89, 1926 

16 Mullerheim, R Zentralbl f Gynak 52 689, 1928 

17 Fauvet, E Zentralbl f Gjmak 56 3088, 1932 

18 Soltmann, C H Virchows Arch f path Anat 284 466, 1932 

19 Schulze, M Am J Obst &. Gynec 26 627, 1933 
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Since llieie ha\e been so few instances of this disease lepoited in 
which the fin.il outcome w^as ascei tamed b}' autopsy it seems worth 
while to place such a case on lecoid 

RUPORT or \ CASE 

Uterine cineUings from a woman aged 59 yeais were submitted foi examination, 
Feb 19, 1932, and a diagnosis was made of Iwpertrophic endometiium (fig 1 A) 
Ko liistoij was obtained at that time 

August 19 specimens of uterus and ovaiian tumor were sent for examination 
On this occasion the following historj was obtained The patient’s mother died of 
cancer of the breast Ihe patient had borne 2 childien The menopause took 
place 111 1918 (fourteen jcais before) There w'as no subsequent bleeding until 
about one \ear befoie the last admittance to the hospital The bleeding was entiieh' 
without icgulariU , at times there was spotting c\ei 3 ' four or five da\s, and there 
weic periods as long as eight weeks w'lth no hemorrhage At times many large 
clots were passed Ihe most se\cie of all the hemorrhages had taken place 
August 16 On admission on that daj the patient complained of a shaip pain 
radiating down the left leg She had lost about 16 pounds (7 3 Kg ) in weight 
There was the additional historj of the remocal ot a cervical polyp about ten 
months before , cui ettage had been done the preceding Februar}', followed with 
treatment be radium Examination showed an obese w'oman with distinct evidences 
of anemia The hemoglobin content was 45 pei cent, the red blood cells, 3,230,000 
Ihc blood pressure ranged between 180 sjstolic and 90 diastolic and 154 systolic 
and 82 diastolic The cercix was lacerated and cystic 

At operation on August 19 the left o\ary contained a hemorrhagic evst, about 
20 cm in diameter, the uterus was about tw’ice the noimal size, wnth a fibious 
miometnum and many myomas The endometrium w'as irregularly thickened 
Subtotal hysterectomy and left salpingo-oophorectomy were done 

Sections of the ovarv showed numerous cjsts, most of them with no epithelial 
lining There w^ere large areas of necrosis and old and fresh hemorrhages Some 
lemnants of ovarian tissue were present along one edge The relativelj'- solid 
poition of the tumoi w'as made up of solid cellular areas, the cells of which in 
places assumed a cordhke arrangement In places small rounded spaces were 
present, which resembled follicles The cells stained fairly uniformly but were 
of a lariety of shapes polyhedial, rounded, elongated and flattened Scattered 
through the tumor w'ere fibious trabeculae, usually hyaline, Avhich did not divide 
the tumoi cells into nests Mitotic figures were not found (fig 1 B) Sections 
of the uterus showed adenomyoma There was cystic, hypertrophic endometrium 
A diagnosis w'as made of carcinoma of the ovaiy, with the suggestion that it was 
of the granulosa cell type 

The patient was not seen again until May 27, 1937, at which time she came 
under the care of another physician She complained of a sensation of fulness m 
the epigastrium, constipation and edema of the ankles She stated that following 
the operation she was in good health until about one year before, when she 
noted swelling of the ankles In December 1936 she had “influenza” with vomiting, 
headache and general malaise Since that time she had had the sensation of 
fulness m the upper part of the abdomen, it bore no relation to meals There 
had been no loss of weight Physical examination revealed pitting edema of the 
ankles and a large, freely movable, apparently cystic mass, about the size of a 
full term pregnancy, filling the abdomen At operation a very large multilocular 
cystic tumor, apparently arising from the right ovary and adherent to the adjacent 
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Fig 1 — A, cystic, hyperplastic endometrium, removed Feb 19, 1932 B, 
power photomicrograph of the right ovarian tumor, remo\ed Aug 19, 1932 


low 
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structutes, was found llic adliesioiib wetc not dense A number of other small 
cjsts e\ere also present, but the general peritoneal surfaces seemed not to be 
mvoUed The entire mass was lemoeed A portion of it was sent for examination 
This showed numerous large cj'sts and some solid areas 

The sections showed a tumor somew'hat resembling that found m the left ovary 
but not so well diffci cntiatcd There were roughly rounded oval cellular areas, 
separated from one another b}' nariow and broad masses of loose tissue, somewhat 
resembling areolar conncctue tissue Ihc cellular masses w'crc not sharply bounded 
and seemed to fade into the other type of tissue Highei magnification show'cd 
that the cellular areas were composed of fairly unifoim cells, indistinctly arranged 
in cords Occasional structuies suggesting follicles w'cre observed No mitotic 
figures weic found Iheic w'Cic no glands or recognizable ovarian tissue (fig 2 A) 
A diagnosis was made of caicmoma of the ovary 

The patient was next seen Julj 10, 1938, w'hen the history was oPtained that 
aftei the second operation she felt w'cll until the preceding wintei, when weaKness 
of the left leg and spells of dizziness weic noted She complained of pain in the 
right side of the head and difficulty in heaiing m the right ear During recent 
weeks thcie had been spells of a piojectile Ape of vomiting and abdominal pain 
Polyphagia was also complained of She seemed to understand what w'as said to 
her but either w’ould not or could not answer 1 he blood pressure at this time 
W'as 190 systolic and 100 diastolic Some fevei was piesent, and in succeeding 
dajs the temperature varied from 104 to 105 5 F Death occurred July 15 The 
age at this time w'as 65 ^cars 

Postmortem examination, done twelve hours after death, showed a well nour- 
ished white woman Two old scars were present on the abdominal wall but no 
e\idences of tumor m eithei Tlieie was edema of the ankles and over the sacium 
The abdominal fat W'as 5 cm in thickness Scattered fibrous adhesions were 
present in the peritoneal cavity The appendix was small, fibrous and nonadherenr 
Throughout the peritoneal cavity were brownish red to gray nodules, of fleshy 
consistence and varying from 0 5 to 2 cm m diameter They were present on the 
parietal and visceral lajers of the peritoneum and m the mesentery Attached to 
the posterior parietal peritoneum betw'een the liver and the spine was a firm, grayish 
brown pedunculated mass, 2 by 3 cm 

The heart weighed 400 Gm and was normal except for some myocaidial fibrosis 
Ihe lungs showed a small amount of purulent bronchitis and bronchopneumonia 
The spleen was of normal size The liver disclosed evidences of chronic passive 
congestion The gallbladder, gastrointestinal tract, pancreas and adrenals weie 
normal The kidneys had finely granular surfaces 

The pelvic structures showed no evidences of tumor The stump of the cervix 
was 2 5 cm in diametei and contained a single cyst, filled with gelatinous material 

An encapsulated nodule, 1 cm m diameter, was present in the right breast A 
calcified mass, 3 cm in diameter, was present in the left breast 

The scalp, calvarium and meninges appeared normal Cross sections of the 
brain showed that the anterior portion of the right lateral ventricle was almost 
completely filled by a reddish gray, soft, well outlined, partially necrotic mass, 3 5 by 
2 75 by 2 75 cm It involved the lower portion of the coipus callosum and protruded 
into the left lateral ventricle The right caudate nucleus and the superior aspect 
of the right internal capsule were also involved In the anterior portion of the left 
parietal lobe was a firm gray nodule about 7 mm in diameter The microscopic 
observations were as follows The mesenteric lymph node showed the normal 
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tissue entirely replaced by tuinoi tissue, which for the most pait was composed of 
irregular islands having a distinct cordhke arrangement (fig 2 B) The diffusely 
cellular parts had appearances much like those of the tissue removed at the second 
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laparotonij, but with no cj'sts Stiuctuics suggesting follicles were occasional!)' 
found No mitotic figures were ptesent 

The peutoneum structuiallj took the form of twusted cords of cells separated by 
spaces somewhat suggestive of gland spaces (fig 3 A) 



Fig 3 A, photomicrograph of a peritoneal metastasis Note the cylindroid 

arrangement of the cells in twisted cords B, photomicrograph of a metastasis in 
the brain Note the large cells in the form of solid cords with only a slight 
tendency toward follicle formation 
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Sections from the two tumors in the brain showed appeal ances which did not 
very closely resemble one anothei or those of the tumors elsewhere in the body 
They showed a very great polymorphism of the cells with rather numerous multi- 
nucleated giant cells One section (fig ZB) disclosed large cordhke masses of 
rather large polyhedral cells with, in some areas, appearances vaguely reminding 
one of follicles The other tumoi was made up of a tissue having a rather fibrous 
structure with comparatively small and scatteicd cells A number of giant cells 
were present, some of which appeared like rosettes Folhcle-like structures were 
hard to find, unless the rosettes aie to be considered follicles 
The tumoi s of the hi easts weie found to be fibroadenoma 

The origin of giaiiulosa cell tumors has been discussed many 
authois, and the majoiity accept Meyei’s opinion that they come fiom 
cell tests and not from adult gianulosa cells Meyer recognizes three 
types, folliculoid, cylindioid and diffuse, the last resembling sarcoma, 
all of which may coexist in the same tumoi Theie ate also numeious 
papers dealing with the physiologic effects of the secretion of these 
tumors Duiing sexual life there may be amenoiihea or iiiegulai 
menstruation The usual effect aftei the menopause is a recuirence 
of uteiine bleeding Such tumors developing in }Oung children cause 
precocious pubeity 

The case reported is an instance of a gi anulosa cell tumor developing 
about fourteen years aftei the menopause It pioduced uterine bleeding 
and a typical hyperplastic, cystic endometiium Following removal 
of the ovary which contained the tumor the patient was well for a 
period of almost five years At this time another tumoi developed 
in the opposite ovar}^ This second tumoi also had the structure of a 
granulosa cell tumor but was not quite identical with the first It is 
piobable that the second tumor represents a metastasis from the first 
Although the granulosa cell tumor is usuall}'- unilateral, several authors 
have reported examples of a bilateral tumoi (Rummeld,"'’ Klaften'^) 
Following removal of the second ovarian tumoi the patient had a period 
of good health, which lasted for only a few months, after which 
symptoms of an intracranial lesion developed Post mortem metastases 
were found in the peritoneum, the mesenteric lymph nodes and the brain 

SUMMARY 

A gianulosa cell caicinoma of the ovary is leported, which developed 
fourteen 3'’eais after the menopouse and pioduced cystic hyperplasia of 
the endometrium with uterine bleeding Five years aftei lemoval of 
the tumoi theie appeared signs of involvement of the opposite ovaiy 
This was also removed Death occuried one 3'ear later 01 six years 
after the first operation Postmortem metastases weie found in the 
mesenteric l3anph nodes, the peiitoneum and the biain 

An instance of a patient alive and well six and one-half years aftei 
removal of a gianulosa cell tumor is also reported 

The diagnosis of granulosa cell carcinoma should be reserved foi 
the tumors of granulosa cell type which are definitely malignant 

20 Rummeld, P Zentralbl f Gynak 55 292, 1931 



SYMMETRIC NECROSIS OF THE GLOBUS PALLIDUS 
IN BARBITURATE POISONING 

\ Dr Groat, D , Detroit 

Neciosis in the basal ganglions fiom intoxication is commonly pio- 
cluced bt no agent otbei than caibon monoxide This is lemaikable 
m Mew of the fact that caibon monoxide probabl) acts only tbiougb 
anoxemia Asplnxia fiom otbei causes, including depiessant diugs, 
shows no such selectnc action on the basal ganglions lathei it produces 
diftuse lesions both in man and m experimental animals 

Ilow'cver, Gonzales \’ance and Helpein^ repoited a case of sym- 
metric softening of the globus palbdus clue to barbital poisoning which 
seems to be unique in the hteiatuic I have lecenth encounteied a 
similar case w'hich is lepoited heie foi its theoietic and medicolegal 
interest 

REPORT or A evsr 

The subject was a w-liilc woman 24 years old, a nurse, apparently in good 
health She had attended a social function and had retned at a normal houi 
Ihe next inoimng she was disco\cied by her roommate to be unconscious There 
were marked cjaiiosis and feelile lespiration The cjanosis deepened, and the 
breathing became iiregulai, necessitating artificial respiration at inteivals over a 
period of about six horns The reflexes were absent but returned slowly over a 
period of about two da^s Ihe patient lemained unconscious until hei death five 
days later, from broncho])neumoma 

From a furthei investigation of her histoiy it w'as appaient that she was addicted 
to a stupefacient of some kind, and pentobarbital sodium was found among hei 
personal effects 

At necropsy the chief anatomic changes W'eie edema of the brain, symmetric 
softening of the globus palbdus, bronchopneumonia and fatty degeneration of the 
liver There w'as a small amount of calcification in the arterioles of the coipus 
striatum, and degeiieiation of ganglion cells of varying degrees W'as found through- 
out the brain 

On the basis of what is known of the toxic pioperties and eftects 
of carbon monoxide one may conclude that neciosis of the globus 
palbdus occurs when theie is prolonged deep asphyxia follow^ed by 
temporal y survival for several days It thus appeals that the same 
lesion may lesult from the action of baibiturates wdien these chance 
to produce the same set of circumstances It is even conceivable that 
the lesion might follow^ strangulation, nitrogen monoxide anesthesia, the 
syncope of Stokes- Adams disease and mutation of the carotid sinus 
An alternative theory is that caibon monoxide and the barbiturates 
exert a specific eflfect on the globus palbdus, but for this there is little 
evidence 


1 Gonzales, T A , Vance, M , and Helpern, M Legal Medicine and Toxi- 
cology, New York, D Appleton-Century Companj^ Inc , 1937 
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Laboratory Methods and Technical Notes 


A MODIFICATION OF MASSON’S TETRACHROME 

STAIN 

For Routine Paraffin Sections of Tissue Fixed in Solution of Formal- 
dehyde and Saline Solution 

CHARLrs P Larson, jM D , C!M, Iacoma, Wash 
A^D E J LrviN, Soap Lakp, Wash 

During the past year tiichiome and tetiachrome stains have been 
adopted by many laboratoiies as loutine stains for paiafhn sections 
This has been due laigely to the wide acceptance of Goldner’s ^ modifica- 
tion of the Masson" stain The oiigmal Masson tnchiome stain still 
gives the most precise cytoplasmic and nuclear detail, bilt because of the 
length of time lequired for staining, the special fixation and the necessity 
of handling sections individually, it cannot be adopted by most pathol- 
ogists foi routine woi k 

The modification described here allows foi the use of tissue fixed 
in solution of formaldehyde-saline solution and is very similar to the 
method of Goldnei, but in view of the superioi results vhich we have 
secured with slight alterations of his technic we feel justified in pub- 
lishing our loutine Without counting the time requned for deparaffina- 
tion, the staining of a slide with this technic lequiies sixty minutes 
Tiays of 30 oi moie slides may be stained at one time with no individual 
handling and with surprisingly uniform results 

This stain has proved to be exceptionally good foi all loutine surgical 
and autopsy material and has the following advantages not possessed by 
hematoxylin and eosm It differentiates every muscle fibei from con- 
nective tissue, It differentiates neive tissue, it gives unusuall)'^ cleai 
detail in neoplastic growths, and as a routine survey stain for the central 
nervous system it is eminently satisfactory, as it brings out neuronal 
details and demai cates demyelinations Ho-wever, a w^ord of caution 
may be given to those unaccustomed to the use of tiichrome stains 
Theie may be difficulty in evaluating the degree and extent of simple 
exudative and granulomatous lesions With a little experience m 
intei preting the stain this difficulty will be oveicome 

The stain may also be used on material fixed in Zenker’s solution, 
provided the usual lOutine following the use of this fixative is adheied 
to, 1 e , with iodine and thiosulfate and steps 3 and 4 in the routine 
left out 

From the Tacoma General Hospital, Tacoma (Dr Larson), and McKay 
Memorial Reseaich Hospital, Soap Lake, Wash 

1 Goldner, J Am J Path 14 237, 1938 

2 Masson, P J Tech Methods 12 75 , 1929 
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PROCEDURH 

1 DcparafiiniEc in xylene 

2 H\clrate In bunging donn through giadccl alcohols 

3 }iIordant foi ten minutes m 5 per cent potassium dichi ornate 

4 Wash in lunning tap watei for ten minutes 

5 Stain ten to fifteen minutes m Hansen’s tiioxyhematem 

6 '\^'ash fite minutes in i mining tap ivatei 

7 Wash one minute in 1 per cent glacial acetic acid 

8 Stain fi\e minutes in ponceau-fuchsin stain 

9 Wash two minutes m 1 per cent glacial acetic acid 

10 Differentiate one minute m 2 pei cent phosphotungstic acid 

11 Wash two minutes ui 1 pei cent glacial acetic acid 

12 Stain 111 light green mixtuie for fi\e minutes 

13 Wash for three minutes in 1 pei cent glacial acetic acid 

14 Delndratc m two changes of 95 per cent alcohol 

15 Clear in carboKjIene 

16 iilount in Canada balsam oi danimai 

FORM LEAS FOR PREPARATION OF REAGENTS 

1 Alcohols may he ethyl or isopropanol (anliydious) 

2 Hansen’s trioxyhematein is pieparcd as follows 

Solution A Dissoh e 10 Gm of ammonium-ferric alum and 1 4 Gm of 
ammonium sulfate in 150 cc of distilled w’ater with heat 
Solution C Dissolve 1 6 Gm of hematoxylin in 75 cc of distilled w'atei 
w'lth heat 

Thoroughly cool both solutions Then pour solution A into solution B (nevei vice 
versa), stirring constantly When the mixture turns violet, heat it over flame 
and test it on filter paper for a sepia or a browmish black coloi Remove the 
solution from flame immediatcl)' and cool bv immersing the beakei in cold water 
If the stain show's an olive green color on the filter papei, it is overoxidized Do 
not boil the stain longer than one minute 

Dilute the piepared stain with an equal amount of 1 per cent sulfuric acid 
Store m a stoppered bottle filled to the constricted portion, which exposes only a 
small area to oxidization Filter each time before use 
The stain is stable for from four to six weeks 

3 The ponceau-fuchsin stain is made up as follows 

Stock Dissolve 1 5 Gm of ponceau de xyhdine and 0 5 Gm of acid fuchsm 
in 200 cc of 1 per cent glacial acetic acid 

Staining solution 10 cc of stock and 2 cc of 0 5 per cent aqueous 
azophloxin mixed with 88 cc of 1 per cent glacial acetic acid 

4 Light green is prepared as follows 

Stock Dissolve 0 2 Gm of light green S F m 100 cc of 1 per cent glacial 
acetic acid solution 

Staining solution 20 cc of stock to 80 cc of 1 per cent glacial acetic acid 
solution 

5 Carbolxylene is made up of 3 parts xylene to 1 part chemically pure phenol 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc — In recognition of his woik in the field of cancer rcscaich, James B !Murpln, 
a membei of the Rockefeller Institute for Medical Reseaich, has recened the 
decoiation of Officer of the Order of Leopold from the king of Belgium 

Baxter L Crawfoid, assistant professoi of palhologi m Tefferson kledical 
College, died Jan 3, 1940, 53 3 ears old 

In New Yoik Medical College, L Corsan Reid has been promoted to the 
position of associate piofessor, and F D Spear to that of assistant professor of 
pathologA' 

Fiancis Cailei Wood, dircctoi of the Institute of Cancer Reseaich of Columbia 
Univeisit}", has been aw'arded the gold medal of the Radiological Societ} of North 
Ameiica in lecogmtion of his achievements in the science of ladiologv 

Oian I Cutler, professor of pathologx in the College of Medical E\angchsts, 
Loma Linda, Los Angeles, died as the result of an accident 

Fellowship in Pathology — A research fellow’ship in the Iaborator3 of 
pathology at the Colhs P Huntington Mcmoiial Hospital, Boston, and m the 
depaitment of pathology at the Harvard Medical School w'lll be a\ailable Sep- 
tember 1 According to Science, it carries a stipend of $3,000 and ma}" be renew^ed 
for a second yeai The fellow' w'lll be expected to de\ote most of his time to 
histologic and cytologic studies of the effects of radiation of different types on 
normal and pathologic tissue Applications should be addressed to Dr Shields 
Warren at the Colhs P Huntington Memorial Hospital, Boston 

Society News — The American Association foi the Studv of Goitei w'lll hold 
Its next meeting at Rochester, Minn , April IS, 16 and 17, 1940 The ^''an Meter 
Prize Award for the best essay on original work on tlwioid pioblems will be 
made at this meeting 

Maurice N Richter has been elected president of the New York Pathological 
Society, Jean Oliver, \ice president, and D Murray Angevine, secietaiy 

A F Blakeslee, of the Carnegie Institution of Washington, has been elected 
president, and Paul R Cannon, of the Univeisitv of Chicago, Mce president and 
chairman, of the section on medical sciences of the Ameiican Association for the 
Advancement of Science 

The next annual meeting of the American Society of Clinical Pathologists w'lU 
be held at the Biltinore Hotel, New York, June 7, 8 and 9, 1940 

The annual meeting of the American Association of Pathologists and Bacteri- 
ologists W'lll be held at the Mellon Institute of Industrial Research, Pittsburgh, 
March 21 and 22, 1940 A symposium will be held on the pathologic aspects of 
\itamin deficiencies 

The Pathological Society of Philadelphia has elected the follow'ing officers 
president, Jefferson H Clark, Mce president, R Philip Custei, and secretary- 
treasurer, Herbert L Ratchffe 
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Abstracts from Current Literature 

To SwF Sr\CK riiK, Ork.in \i Titifs oi AiiSTRAcrcD Articles Somitiaiis 

Aui SlIORTINLD 


Experimental Pathology and Pathologic Physiology 

Histologic Ciiwces i\ im Piiuimiirm Xirvfs or riir Rat in Vitamin Bi 
Dificiinca C O l^RKkm, W 1) Sai mon and G A. Sciiradfr, Am J 
Path 15 251, 1939 

riic histologic changes in the pciipheial neives of lats suffeiing fioin eithei 
acute 01 chronic Mtamin Bi dcficicncv ha\c been studied by the polarized light 
method and the sudan III inctliod Ihc nerves of lats that had symptoms of acute 
deficienc} showed onlj a few’ fibeis with wallenan degeneiation, such as maj be 
seen in noimal nci\cs, and mild edema The nerves of contiol lats, wdneh received 
adequate amounts of Mtamin Bi but with the food intake limited to that oi the 
deficient rats, showed mild edema and mote wallenan degeneration than was 
found m the nerres of tlie deficient lats Neives of deficient lats that became 
moribund without the deielopment of tepical neuromusculai symptoms show'ed 
more wallerian degeneiation tlian those m wdiich neuromuscular symptoms devel- 
oped, but less than the control lats iccciving adequate vitamin Bi w'lth a limited 
food intake Residual sjmptoms, consisting of disoideied equilibration oi paialvsis, 
occuired in lats in winch a state of chionic deficiency had been pioduced by the 
adniinistration of small amounts of thiamin chloride aftei the development of 
iieuroniuscular sjmptonis The chronic deficiency pioduced inaiked changes of 
an edematous tepe in the pcriplietal nerves The fibers w'eie enlaiged, in some 
cases showing large bulbous aieas along their course, and contained increased 
amounts of isotropic material , in the most severe cases some fibers wei e completely 
isotropic These changes w'cre demonstiable by the polarized light method but 
not bj the sudan III method The lats cventuallv leached a stage at wdiich cures 
were no longer possible even by the admimsti ation of lelatively large doses of 
thianiin chloride The changes in the nerves indicated tliat this was the result 
of iriepaiable damage to the tissues From Authors’ Summary 

Fat Tissue in Experimlntai Exopiithalaios G K Saieiser, Am J Path 
15 341, 1939 

The injection of an extract of the anterior lobe of the pituitaiy gland pioduced 
exophthalmos and marked edema of the orbital fat and connective tissue Fat 
tissues in vaiious parts of the body were affected by the injection of the anterior 
pituitaiy extract but to a lesser degree than that m the orbit The difference m 
the degree of edema produced in the orbit and in other fat tissues may have oeen 
due to the diffeience in stiucture of the oibital fat tissue The edematous mateiial 
found 111 the orbit appeared to be identical in composition with that found elsewhere 
111 the same animal From Author’s Suaimary 

Renal Function and the Nu aider or Gloaieruli in the Huaian Kidney 
J M Hayaian Jr, j W Martin Jr and M Miller, Aich Int Med 64 69, 
1939 

The clearance of creatinine and urea, the maximum specific gravity of the 
urine and the blood pressure weie correlated with the number of glomeiuli per 
kidney (estimated after postmortem perfusion) for patients with and for patients 
without disease of the kidneys In those wnth chronic glomerulonephi itis and 
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nephrosclei osis the cieatinine and uiea clcaiance were closclj correlated with the 
number of glomeruli The maximum specific gravity of the urine falls with 
decrease m the number of glomeruli until the latter reaches 700,000 to 800,000 pei 
kidney, aftei which it remains fixed in spite of further reduction in the number of 
glomeruli If the number of glomeiuli pei kidnej' is less than 700,000, the systolic 
blood pressure is invariabl}' above ISO mm In certain patients with acute infec- 
tions and jaundice the uiea and creatinine cleaiance and the concentiating abilitj 
were both markedly reduced in spite of a normal numbei of glomeruli showing 
no significant change in histologic sections From Authors’ Sommar^ 

Etiologic Factors in Exphumentau \ Produci n Pox tut HiMORRn\Gns L V 

Dill and C E Iscniiour, Arch Neurol &. Psychiat 41 1146, 1939 

Space-consuming mtracianial lesions are occasionallv associated -with hemor- 
ihages m the pons In the authors’ case, for instance, a subdural hematoma and a 
hemorrhage in the island of Red were combined wnth multiple fresh hemorihages 
in the pons The authors see the cause of the pontile hemorrhages in the pressure 
exerted by the subdural hematoma on the brain and the foicmg down (herniation) 
of the pons into the foiainen magnum, w'hich caused disruption of the parenchjma 
They w'ere able to produce pontile hemorrhages in dogs by increasing the intra- 
cranial pressure (by repeated inflation of a lubber balloon placed ovei the animal’s 
parietal cortex) Hemorrhages (perivenous and periaiterial) were produced in the 
pons, medulla and occasionally in the cerebellum and basal ganglions Anoxemia 
as an etiologic factoi was ruled out George B Hassin 

Experimental Hiplrtension b\ Constriction or the Aort\ H Goidbiatt, 

J R Kahn and R F Hanzal, J Exper Med 69 649, 1939 

Constriction of the abdominal aorta just above the site of origin of both main 
renal arteries has little or no immediate effect on the blood pressure above the 
site of the clamp (carotid systolic or mean pressure), but after about tw'cnty-four 
hours hvpertension develops Below' the site of the clamp the immediate effect is 
a low'ermg of the femoral mean pressure As the carotid systolic pressure becomes 
elevated, the femoral mean pressure also begins to use and in some animals 
eventuall}' reaches a level higher than normal, despite great constriction or even 
occlusion of the abdominal aorta Constriction of the aorta just below' the origin 
of both main renal arteries has no significant effect on the blood pressure (carotid 
systolic or mean pressure) above the site of the clamp Below the site of the 
clamp the blood pressuie falls and tends to remain down oi at most i etui ns only 
to the preoperative level The uremic, convulsive (malignant oi eclamptic) phase 
of hypertension, w'lth renal excretory insufficiency and degenerative, necrotizing 
and inflammatory arteriolar lesions in many organs, has been produced by suddenly 
constricting to a great degree the abdominal aorta just above the origin of both 
mam renal aiteries The renal excretory insufficiency in the animals in which 
hypertension develops is directly dependent on the degree of constriction of the 
abdominal aorta and especially on the lapidity with which constriction is produced 
Hypei tension follow'ing the constriction of the abdominal aorta just above the 
origin of both main renal arteries, whether oi not accompanied by renal excretory 
insufficiency, is of renal origin Authors’ Summary 

Cataphoretic Experiments with Sensitized Erythrocytes C G Anderson 
and T J Mackie, Brit J Exper Path 20 270, 1939 

Anderson and klackie have confirmed again the hemolj'tic effect of colloidal 
silicic acid and tannic acid 
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ExprRiMLMAi Acltl Pi KciiiolUDL Intomcation G L Montgomery, Brit J 
E\pcr Path 20 316, 1939 

Montgomeij studied tlic miiiiediate efifect of small intravenous doses of mercuric 
chloride in rabbits and found tliat, although there was no microscopic evidence of 
renal damage in the two hours of tlie c\peiimental period, the injections pioduced 
circulator} collapse and proteinuria w’lth a fall in the blood seium protein within 
fifteen minutes The iirotcmui la quantitative!} ahvays exceeded the loss of serum 
protein, and the lesults suggest tliat the latter is replaced continuously from the 
tissue depots Iiitra\enousl\ injected saline solution had no effect on the shock 
svndi omc 

Caruon Ti TR \ciji oiiini Cirrhosis oi the Liver E G White, J Path & Bact 
49 95, 1939 

In pigs weighing 7 to 17 Kg and aged 25 to 66 days the subcutaneous 
injection of a single dose of carbon tetrachloride of 0 6 cc per kilogram of 
bod} weight seldom caused clinical distui bailees, yet there was necrosis of the 
central half of each hepatic lobule Repaii w'as complete by the end of a week 
Some animals, how’c\er, will not toleiate this dose, and an amount as small as 
0 2 cc per kilogram has caused death within tw'elve hours The histologic changes 
occuning in the liver at inter\als after a single dose are described Repeated 
administration of caibon tetrachloi idc at foui to five day intervals leads to cirrhosis 
wdiich IS characterised b} a subdivision of liepatic lobules into small groups of 
liver cells (“pscudolobules”) bv collagen and precollagenous reticulum The 
genesis of the piocess has been studied by examining samples of livei removed 
at intervals and finally b} can i mg out an autopsy The most severe cirrhosis 
resulted from the heaviest dose, thirtv-six injections of 02 cc pei kilogram of 
body weight , less severe changes were produced by twenty-eight doses of 0 1 cc 
pei kilogram oi twenty-six doses of 005 cc per kilogram There w^as no ascites, 
icterus or splenomegaly The experimentally produced cirrhosis appears to resemble 
the naturallv occurring lesion in the pig Prom Author’s Summary 

Relation or Tiiroj,ibosis, Embolism and Apoplexy to the Weather P H 
ICaxser, Virchows Arch f path Anat 302 210, 1938 

In 253 cases of thrombosis, fulminant embolism and apoplexy, in which the 
condition was identified at autopsy, the onset of the vascular accident w^as corre- 
lated with the w'eather conditions at the time Kayser concludes that his material 
reveals a relation betw'cen the state of the weather and the onset of thrombosis 
and apoplexy, these diseases, which he terms meteoi otropic, occurring more often 
during w'arm fronts than dm mg cold fronts Thrombosis, embolism and apoplexy 
do not occur during periods of unifoim w'eather, during such periods deaths from 
carcinoma and infectious diseases are more numeious A seasonal variation of 
the vascular diseases studied was not observed In regions wuth a continental climate 
thrombosis is rarely seen Patients susceptible to meteorologic environment react 
abnormally to every change in the weather The electronic effect of the atmosphere 
IS held to be the most active factoi in the action of weather , such an effect, work- 
ing through the skin on the vegetative nervous system, causes slowing of the 
circulation, w'hich favors thrombosis Petersen’s monumental work on meteorologic 
pathologic changes is not included in the bibliographv of 31 titles 

O T Schultz 

Effect or Transpi antation of Liver into Mice Previouslx Treated wuth 
Liver A Symeonidis, Virchows Arch f path Anat 302 443, 1938 

The subcutaneous homologous transplantation of liver into mice pievously 
given injections of an emulsion of hvei w'as followed by a more intense and more 
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rapidly developing inflammatoiy leaction than was obsened in the controls 
Encapsulation of the implant was more lapid, and necrosis more complete The 
surrounding granulation tissue was less highly vascularized than in the controls 

O T Schultz 


Pathologic Anatomy 

The Lvjiphoid Nodules or Humax Bone Maurow R J Whiiams, Am J 

Path 15 377. 1939 

No pathologic significance can be attached to the presence in the mairow' of 
lymphoid nodules of the type, size and iiumbei described in this icport The 
evidence appears to justify the concept that the lymphoid nodules are essentialh 
noimal, though peihaps variable, constituents of the active red mairow^ of adults 

Froai Author’s Summary 

Cardiac Sequelae of Embolism or Tiir Pulmox \r\ Arter\ H Horn, 

S Back and C K Friedberc, Arch Int Med 64 296, 1939 

A group of 42 cases of embolism of the pulmonarj' artery has been studied, 
in 8 of w'hich recent structural changes in the myocardium ordinal ily resulting 
from acute myocardial ischemia w'ere revealed The factors necessary foi the 
pioduction of such myocardial changes are discussed These aie shock, asplwxia 
and exaggerated vagal reflexes resulting from obstruction of the pulmonary 
arteries These factors, alone or in association, lead to insufficiency of the coronal y 
ciiculation 

A'lorphologic evidence of coronai> insuificiencv in cases of embolism of the 
pulmonary artery is moie likely to occur if thcie aie recuritnt embolization, 
nan owing of the coronal y arteries, cardiac hypertrophv and adequate duiation of 
life after embolism Anatomic changes m the myocardium m persons with 
embolism of the pulmonary artery may be considered the end result of the mvo- 
cardial ischemia wdiich accounts foi the characteristic electrocardiogiaphic changes 
The resemblance of electrocardiographic changes in cases of embolism of the 
pulmonary artery to those in cases of mjmcardial infarction of the posterior wall 
may be explained by the diminished flow' through the right coronal y artery result- 
ing fiom increased tension in the light ventiicle 

From Authors’ Summart 

Occurrence and Distribution oi Cai cified Plaques in the Spinal Arachnoid 

IN AIan E Y Herren, Arch Neuiol & Psychiat 41 1180, 1939 

The cells of the spinal aiachnoid membrane often form wdiorls and become 
calcified, producing so-called plaques Weed considered the plaques a manifesta- 
tion of advanced age, with which opinion Herien does not agree Heiren studied 
the distribution and location of the plaques in human beings of various ages He 
found the largest number of plaques in the dorsolumbar and the lumbosacral aieas, 
and especially on the posterior surface of the cord Persons without plaques w'cre 
on the average eight and eight-tenths years older than those with plaques The 
plaques form by deposition of calcium in the ivhorls of the arachnoid cells, but whv 
they should arise wuth preference in ceitain areas, Herren could not explain 

George B H-^ssin 

Chronic Ulcerative Cecitis in the Rat B F Jones and H L Stew'art, 

Pub Health Rep 54 172, 1939 

A brief description is presented of a spontaneous disease of rats characterized 
by chronic ulcerative cecitis and chronic lymphangitis, lymphedema and lymphoid 
hj'perplasia of the lymph nodes of the mesentery 


Froai Authors’ Summary 
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C\CITC Cu \NCiI I\ TUI LHKOMATIX or TUI NtiCIXI 01 THE E^DO'METRIUM 

R CitM-fAM), Suig, G\ncc S. Obst 69 18, 1939 

\ studj of 200 specimens of human endometrium obtained fiom noimal women 
and from othcis csliibiting ^.ulous degices of ovaiian failuie levealed that two 
forms of nuelei can be distinginslied, iiameh, a gianular and a nongranular, or 
solid, homogeneous, foim Furthei, the granular form of nucleus showed two 
distinct ttpes of disti ibution of the chroimtm, aggregate and diffuse The former 
t\pc of distribution appeared almost umtoimlv m the nuclei of endometrium pre- 
senting the cbai aclci istics of pi olitciation It was not piedominant in the secit- 
tor\ or menstrual phases It appeals then, that the aggregate type of distribution 
of the chromatin is chai actci istit of human endometrium which is under the 
influence of the folliculai hoimoiu alone cithei normally or as a manifestation 
of second degree o\aiian failure ^s a whole, tissue from women with fiist 
degree oearian failure showed the aggregate type of chromatin in the stroma more 
frequentlj than did tissue obtained fiom noimal w'omen during the secietoiy and 
menstrual periods On the othei hand, the gland chromatin in endometrium asso- 
ciated with fust degiee ovarian failure show'ed no significant differences Horn 
normal These obsei rations suggest that differences in the thieshold i espouse of 
the criand and stiomal nuclei of the human endometrium to hormonal stimulation 
mar furnish the basis foi dctei mining fluctuations m endocrine levels 

ruort Tin Vithor’s Slmmary (Warren C Hunter) 

Histoiogt oi Fri I s RrrcTiON F FRANeiii, Gior ital di deimat e sit 80 369, 
1939 

The Frei intridcrmal reaction in the picsence of veneieal lymphogranuloma 
has a tuberculoid stiuctuie m rrhich epithelioid cells and giant cells of the 
Langhans type arc prominent elements In the presence of venereal lympho- 
granuloma the reaction to the Frci antigen is specific, the leactions to bacterial 
racemes arc nonspecific and of simple inflammatory natuie 

Changes ix the Umbhical Artern G Schaliock, Virchorvs Arch f path 
Anat 302 195, 1938 

The umbilical arteir was studied histologically during the fetal peiiod and at 
rarying periods aftei birth Ligation of the cord after birth leads to immediate 
conti action of the vessel, rvith srvelling of the subendothelial ground substance 
Contraction is follorved by dilatation, during rvhich the ground substance increases 
and histolytic changes occur The furthei changes consist of necrosis of the 
rvall rvith or rvithout thrombosis, arteriosclerosis rvith or rvithout obliteiation of 
the lumen, hyperplasia especially of the elastic tissue, and proliferative changes 
rvith formation of a nerv lumen These changes are not due to increased pressure 
in the artery but are an adaptation to the functional alterations that follorv ligation 
of the cord The escape of blood oi serum into the rvall of the vessel is an etiologic 
factor in the later changes O T Schultz 

Involvement or Bone in Leukemia K Apitz, Virchorvs Arch f path Anat 

302 301, 1938 

Apitz presents a detailed histologic description of the skeletal changes in 2 cases 
of lymphoid leukemia and describes three types of involvement The least frequent 
manifestation of the disease is localized erosion of bone through lacunar resorption 
This is looked on as evidence of an invasive or neoplastic character of leukemic 
cells Necrosis of the infiltrated marrow may lead to death of bone and to spon- 
taneous fractures , this form of skeletal involvement is not due to aggressive growth 
of the leukemic tissue Leukemic infiltration of the marrow^ may lead to osteo- 
porosis and localized atrophy of bone with spontaneous fractuie In children 
leukemia may interfeie wnth bone growth and mav be associated wnth subperiosteal 
bone formation q T Schultz 
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Microbiology and Parasitology 

Moose Encephalitis L S King, Am J Path 15 445, 1939 

A subacute or chionic leukcncephalitis occuinng naturally m moose is described 
The characteristic picture consists of a mild degree of perivascular demvehnatioii, 
with formation of neutral fat and with fibrous gliosis disproportionate in extent 
to the loss of myelin There may be mild inflammation restricted to the white 
matter There is evidence suggestive that a primary inflammatory reaction 
involving gray matter observed in 1 of 8 animals maj represent a separate con- 
dition Attempted animal passage of fresh niatciial from an infected moose was 
unsuccessful The cause of this leukoencephalitis is obscure, but various possi- 
bilities are discussed \i.THOu’s Semmauv 

Pneumonia Produced ii\ Tvpiies Ricki TrsiAi kf R Castani da, Am J Path 

15 467, 1939 

The intranasal inoculation of mice and rats with typhus virus (oichitic varictj) 
has given rise to hemorrhagic lesions of the lungs which kill the nnee in nnietj- 
six hours and the rats in sev'enty-two houis The lungs show, in sections and 
smears, considerable numbers of rickcttsia bodies, which liavc been obtained in 
pure suspension by gi Hiding and fractional centrifugation Rabbits have been 
infected by the intratracheal loute with oi without forcing down the bod> tem- 
perature Hemonhagic pneumonia develops, and rickettsias arc present in large 
numbeis in smears and in sections of the lungs, but the animals subjected to a 
low body temperature present gi cater quantities of rickettsia bodies These rabbits 
die in from forty-eight to ninety-six hours after inoculation The rabbits not 
submitted to a low body temperatuic die after a longer period of time and show 
lesions of the lungs which are moie extensive but which contain fewer rickettsias 
To produce massiv'e infection of the lungs it is necessary to inoculate considerable 
numbers of rickettsias This method of cultivating rickettsias has proved useful 
in obtaining typhus vaccine for practical purposes 

From Author’s Suvimary 

Diabetes and Puimonary Tublrcuiosis H F Root and W T Bioor, Am 
Rev Tubeic 39 714, 1939 

A study of the various etiologic factors in the pulmonary tuberculosis of 364 
diabetic patients points to the disturbed nutrition of the diabetic patients as next 
in impoitance to their contact with patients vvnth open tuberculous lesions The 
incidence of pulmonaiy tuberculosis in adults with diabetes does not show a 
decrease coiiesponding with the geneial deciease in mortahtj" from tubeiculosis 
m the community Pulmonaij^ tuberculosis followed the onset of diabetes in 
83 per cent of the cases In 126 autopsies on diabetic patients with pulmonary 
tuberculosis it was found that the outstanding features vveie many healed foci, a 
tendency toward the formation of tough, fibrous pleural adhesions and a high 
frequency of caseating lesions with cavitation On chemical analysis the lungs 
of these patients show^ed strikingly lower concentrations of phospholipid and lipid 
than the lungs of nondiabetic patients The advantages of protamine zinc insulin 
in the treatment of tuberculous diabetic patients are discussed, and dietary infor- 
mation IS giv'en Diabetic patients make excellent subjects for pneumothoiax 
and thoracoplasty The prognosis for the diabetic patient with pulmonary tuber- 
culosis has been greatly improved by insulin and can be furthei enhanced by early 
diagnosis Routine roentgen examination of every diabetic pei son’s chest is 
recommended jj j Corper 
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Orai luiiCRCbiosis J C Bryant, Am Rev Tuberc 39 738, 1939 

Tuberculous un oI\emeut of the oial caMty js comparatively lare, only 17 cases 
ha\c been detected m some 7,000 cases of far advanced tuberculosis over a peiiod 
of eighteen jears Tuberculous lesions of the tongue frequently have a history of 
mechanical iriitation fiom tlie sharp edges of decayed and abraded teeth, broken 
siKer fillings, gold inlays oi ciowns, oi broken artificial teeth These sharp 
edges traumatire the tissue The constant iingation and bathing of the oral 
tissues In the sain ary and mucous secietions lender the oral tissues highly resistant 
to tubciculous infection Tuberculosis of the oral cavity is a secondary manifes- 
tation of a fai ad\anccd pulinonaiv condition with an •unfavorable prognosis When 
the prognosis is fa\orable, tuberculous lesions are seldom formed in tooth sockets 
follow'ing extractions, despite tlie ptesence of sputum heavilv laden wnth the bacilli 

H J CORPER 

Patiiogemciti or '\\irliext Pmclmococci roR Animais Dcprived or Lfeko- 
c\TES A R Rich and C M McKee, Bull Johns Hopkins Hosp 64 434, 
1939 

When nonencapsulated pneumococci, which arc nonpathogenic (avirulent) for 
normal rabbits, wcic introduced into the tissues of rabbits deprived of leukocytes, 
they exhibited the qualities of iirulent pneumococci, i e, they multiplied to 
enormous numbcis and produced a progressive local infection, leading in one third 
of the animals to septicemia Recovered from the blood at the death of the 
animal, the organisms were still nonencapsulated and avirulent foi rabbits possess- 
ing leukocytes Since in tlie leukopenic animal the avirulent pneumococcus 
behaves as a \irulent patliogen, the transformation of the virulent, encapsulated 
form into the aMrulcnt, nonencapsulated foim entails no change wdiich pi events 
Its sunnal and free proliferation in the tissues if it is unmolested by phagocytes 
The local lesion produced by the nonencapsulated, avirulent pneumococcus in the 
leukopenic animal exhibits the hemorrhages and necrosis of tissue familiar in the 
lesions produced by tiie encapsulated, virulent pneumococcus in the noimal animal 
The factor responsible for Mrulence (the polysaccharide capsule) is therefore not 
necessary for the production of the characteristic type of tissue damage that 
virulent pneumococci produce The pow'er to damage the tissues so resides in the 
somatic rather than in the capsular portion of the bacteiium, and the change in 
the organism resulting in the failure to produce a capsule does not altei the ability 
of the somatic portion to pioducc the characteiistic lesion 

From Authors’ Summary 

Meningococcus Infection or Chick Embrto G J Buddingh and A D Polk, 
J Exper Med 70 485, 499 and 511, 1939 

It has been found that the meningitis in the chick embryo foIlow'ing inoculation 
of meningococci into the body wall or into the amniotic cavitv is due to invasion 
by way of the blood stream only 

Studies on Eastern Equine Encephai omyelitis L S King, J Expei Med 
70 675 and 691, 1939 

Genesis of the Disease in the Guinea Pig — The virus of Eastern equine 
encephalomyelitis when injected peripherally into the guinea pig invades the blood 
stream and passes directly from the blood stream into the brain This seems to 
be the principal, though not necessarily the exclusive, route of infection Once the 
virus IS in the nervous system, its further spiead may occasionally be determined 
by anatomic connections 

Intiaociilai Infection with Fixed Viius in the Guinea Pig — The behavior of 
a fixed strain of Eastern equine encephalomyelitis virus was studied in guinea pigs 
after intraocular inoculation Such inoculation concerns the central and not the 
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peripheral nenous system The susceptibility to the intiaocular injection lies 
niidwaj between that to tlie highly efifectivc intiacciebial and that to the ineffective 
peripheial injection The virus must act foi ten to thirteen hours in order to 
induce a fatal infection Removal of the inoculated eyeball before the expiration of 
this inteival almost always prevents fatalitj, although it may allow immumtj to 
develop At suitable intervals after injection of the Mrus into the eje, it may be 
recovered fiom successive and appropriate optic tenters before it is demonstrable 
in nonoptic portions Approximately twcntv'-foui hours arc itquircd for the virus 
to reach a significant concentration in the conti alatcral geniculate body, tlnrtv-six 
hours, in the conti alateral visual cortex Significant amounts of virus may be 
present in the optic chiasm and tract piior to involvement of the higher centers 
Virus placed in contact with the retina produces an insignificant, essentially non- 
specific reaction as compared with that pioduced at the site of direct intracerebral 
inoculation In the retina there is no necrosis of ganglion cells unless there is a 
complicating intiaocular infection In the ccrebial visual centers the first reaction 
is inflammatoiv and interstitial, and it mav appeal in the lateial geniculate bod.v as 
early as twenty-foui hours after injection of the viius Neuronal necrosis is not 
the primal V lesult of the action of the virus on the nervous system in these 
experiments The distiibution of lesions in the biain is in excellent agieement 
vv'ith the method of diicct testing foi vmus content, and is fai more accurate than 
the latter The viius in its primaij distribution through the nervous sjstem 
follows the nerve pathwajs of the optic sj^stem This occurs v\ithm the central 
nerv'ous system, where piesuniablv there is first an involvement of the bod} of 
the nerve cell and then a spread along the cell piocess or axon 

From Author’s Sumviaries 

Inter-Relationships Between Amino Acids in tiii Nutrition or Bacillus 
Anthracis G P Gladstone, Brit J Exper Path 20 189, 1939 

Gladstone grows Bacillus anthiacis in a chemically defined ammo acid medium 
When certain amino acids are omitted singly, grow th ceases, and the omitted ammo 
acid thus appeals to be indispensable However, if m addition another particular 
amino acid is omitted, growth occurs, showing that the fiist ammo acid omitted is 
not indispensable It appears that each ammo acid is really mhibitorv'^ but that 
when both aie piesent they are stimulativ'c These observations may have a bear- 
ing on conclusions drawn from nutritional studies in animals 

Effect of Foreign Tissue Extracts on hie Efficacv or Influenza Virus 
A^accines D H Andrewfs and AV Smith, Brit J Exper Path 20 305, 
1939 

Andievves and Smith have attempted to analyze the factors which determine 
the efficacy of influenza virus vaccines The detiimental effect of tissue extracts 
from foreign animal species, especially when inactivated vaccines are employed, 
makes one fear difficulties in immunizing man satisfactorily It is suggested, how- 
ever, by analogy in woik on ferrets, that the practical difficulties mav^ be less if 
one attempts only to reenforce the basic immunity which most human adults possess 
against influenza 

\ 

Chemotherapv of Experimental Pneumonia A A^aisman, Levaditi and 
D Kr'VSSnoff, Ann Inst Pasteui 62 36, 1939 

A^aisman, Lev^aditi and Krassnoff develop the thesis that sulfanilamide and 
various related compounds (or derivatives thereof produced by the infecting 
organisms) act primarily by interfering with an increase in capsular substance, 
with the lesult that phagocytosis is facilitated This makes the therapeutic role of 
these substances a “natural” cure The thesis is compatible with the observation 
that organisms are not always killed and that the beneficial results are due to the 
reactions of the bodv cells g Marshall 
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Immunology 

PUOTICTIM ANTIIlODIIb UN nil bl«l.M OF S\FHILITIC R \UHITS T B TijRNEB, 
J E\pci Mc<l 69 807, 1919 

Dm mg tile course of s^I)h^lUlL infection in rabbits, specific liumoial antibodies 
dciclop winch can he dcmnnstiatcd hj an appropriate “protection test” The 
presence of these antibodies is associated wnth a high degree of acquired immunity 


to the disease 


From Author’s Conclusion 


CuiuiMi Ri leriONs ui a Du Pkoh in F R Sarin, J Evper Med 70 07, 

1939 

Tiic use of an antigen which can be seen within cells demonstrates that one 
may stimuhte tlie phagoiytic cells either of the liver and spleen oi of the tissues 
and hmph nodes to piodiice antibodies The appcaiance of antibodies m the 
serum coi relates with the tunc when the dje protein is no longei visible within 
the cells and with tlic phenomenon of a partial shedding of their surface films 
It IS thus infcncd that the cells ot the icticvilocndothelial svstem normally produce 
globulin and that antibode globulin represents the synthesis of a new kind of 
protein undci the influence of an antigen An antigen is a substance which can 
specifieally modife the senthesis of the cvtoplasm of the cells of the leticulo- 
endothehal s\ stem From Author’s Conch signs 


Bioou Groci'S and MR-Tu’is oi Eskimos in East Greiniand V Fabricius- 
Hansln, j Immunol 36 523, 1939 

In a stude of 569 pure Eskimos m the eastern pait of Greenland (Angmagssalik 
district) tiic percentile frequencies of blood groups O, A, B and AB w'eie 23 9, 
56 2, 11 2 and 8 7, respectively, and the frequencies of blood types M, kIN and N 
w'crc 83 48, 15 64 and 0 88, respectiyely This is the fiist study of the distubution 
of the blood tjpe factors It! and N in Eskimos The values of the blood gioup 
factors A, B and O diffei fioni tliose i>ieviouslv leported by showing a lowei 
frequenej of O and a highei ficquency of B j d^vidsohn 

Immune Ri actions or Virus Mynomatosum R E Hoffstadt and K S 
PiLciiLR, J Infect Dis 65 103, 1939 

Elementary bodies of inyNomatosum yirus similar to those found in labbit 
tissue were found m the chorioallantoic membranes of infected deyeloping chick 
embryos The soluble antigen associated with myxomatosum yiius in tissues of 
infected rabbits was louiid in the infected chorioallantoic membranes of chick 
embryos after prolonged serial passage Authors’ Summary 

Incidence of Prostatic Carcinoma E P Gavnor, Vit chows Arch f path 
Anat 301 602, 1938 

In 1,000 consecutive, unselected necropsies on men aged 40 years and ovei, the 
entire prostate vyas lemoyed and fixed in 10 per cent solution of formaldehyde 
The prostates of 40 men aged 25 to 40 years were added to the material The 
material was worked up by the razor section technic of Teny Each prostate 
entire was cut into slices 2 to 3 mm thick, these were stained with tcluidine blue 
and examined at magnifications of 20 to 30 diameters The anatomic diyision of 
the prostate into fiye lobes, posterior, middle, two lateral and anterior, was 
accepted, although the middle and anteiior lobes often consisted of only a few 
glandular structures Carcinoma was detected in 191 prostates, a percental inci- 
dence of 18 4 The incidence increased pi ogressiyely wuth age, from 10 4 per cent 
in the sixth decade to 40 per cent in the tenth In 162 prostates the tumor did 
not inyolye an entire lobe and vyas not macroscopically yisible, in this group 
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multiple tumois weie observed (203 caicinomas m 162 piostatcs) The posterior 
lobe was most frequentlv involved (60 pet cent), the middle lobe, \ery seldom 
The earliest localmation was in the peripheral portion of the gland, and tlie inner 
fibromuscular capsule was frequentlj’^ iiuadcd The outer fibrous capsule was 
larely penetrated, and growth outside the gland was rarely obseived, although 
growth into the blood vessels and Ivmphatics was frequentlv observed Benign 
hypei troph}"^ did not appear to be a factor in the development of carcinoma, the 
latter was lelativel}'^ no more frequent in h 3 'pertrophied prostates than in those 
of noimal size Atiophy also did not appear to be a factor Secondaij'^ carcinoma 


of the pi estate was observed onlj twice 


O T SCHbLTZ 


Immunologic Rei vtionsiiip oi Suopi s RAurir Fu’uoma Viuus to tiic Virus 
OF Inflctious Mvxomatosis C E v'an Roovln and A J Rhodes, 
Zentialbl f Bakt (Abt 1) 142 149, 1938 


Specific complement-fixing antibodies have been demonstrated in the serum of 
labbits immunized with myxoma vuius Serum of labbits immunized against 
Shope’s virus contains complement-fixing antibodies for that agent but not for 
myxoma virus After complement-fixing antibodies have disappeared from the 
serum of rabbits immunized to Shope’s v’lrus and the animals have been inoculated 
with mvxoma virus, complement-fixing properties specific foi the latter appear 
Complement-fixing antibodies for mj’^xoma virus occurring in the serum of immune 
rabbits aie usually present for at least eight vv'eeks Similar properties for Shope’s 
varus generally disappear before this time The results of these tests evidence no 


serologic lelationship between the two viiuses 


Pall R Cannon 


Tumors 

Effect or Freezing in Vitro on Some Transplant vble Mvmviaiian Tumors 
and on Normvl Rat Skin G B :Mider and J J Morton, Am J Cancer 
35 502, 1939 

After exposure to — 74 C m vitro. Walker lat carcinoma 256 and mouse sar- 
comas 180 and 37 grew on subcutaneous transplantation The effects of the rate 
of freezing, the duration of the frozen state (up to twentv-four hours), the number 
of repeated freezings and thawings, and the physical state of the tumor are dis- 
cussed The squamous epithelial and connective tissue cells of normal adult rat 
skin may giovv after a single freezing to — 74 C 

From Authors’ Summary 

Production of Lung Tumors in Mice M B Shimkin, Am T Cancer 35 538, 
1939 

Mice weighing about 30 Gm tolerated an intratracheal injection of 0 1 cc of 
vv^ater, saline or serum suspension, the mortality from the proceduie vv^as about 
35 per cent Primary pulmonary tumors occurred in ov^er 90 per cent of strain A 
mice within four months after intratracheal introduction of 0 1 mg of 1, 2,5,6- 
dibenzanthracene or methylcholanthrene dispersed in 01 cc of horse serum and 
cholesterol The intratracheal route of administration is not as convenient or 
as efficacious as the intravenous From Author’s Summary 

Vitamin E and Experimental Tumors C Carruthers, Am J Cancer 35 
546, 1939 

Two pure strains of mice, A and C57, have been used m a study of the possible 
effects of dietary content of vitamin E on the incidence and metastasis of tumors 
induced by methylcholanthrene The extent and the frequenev’’ ot spontaneous 
mammarj" tumors in the females of susceptible strain A have also been examined 
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Svntiictic diets containinc: the usual constituents — casein, laid, staich, salts — and 
adequate supplies ol the \ mnuns except proved adequate foi growth even when 
thci contained lancid laid, which dcstiovs ceen tiaces of vitamin E Supplemented 
with Mtaniin E eonicntrate picpaied fiom cottonseed oil, these diets are also 
adequate for lepioduction but not loi lactation The administration of vitamin E 
concentrate had no sigmricant eftcet on the carcinogenic action of inethylcholan- 
tiircnc dissoKcd in laid or spermaceti and injected subcutaneouslv When sper- 
maceti was used as a sohent tumois aiose on the average, twenty and six-tenths 

(lavs eaiher in strain mice Conclusions regarding the eftect of nutritional 
factors on caicinogenesis induced b\ potent cancer-producing hydrocaibons must 
be draw n w ith care , the v igoi ous action of these carcinogens seems to be inde- 
pendent of the nutritive state of the animal The etiologic nature of tumors 
induced bv methvlcholanihrene has been rendcicd questionable bj the fact that 
mam animals, appioximatclv 10 per cent, acquired epideimoid caicinomas, most 
othci investigators have icportcd sarcomas The hydrocaibon produces more 
extensive ulceration in strain K than in stiain C57 In both strains the tumors 
invaded the musculature, SS jiei cent of them when the hvdiocaibon was dis- 
solved m spermaceti 82 pci cent of them when it was disolved in lard In 
strain A 41 per cent ot the animals had noiimetastatic “lung tumors” when 
spermaceti was used as solvent oi the carcinogen, 45 pei cent when lard was 
cmplojcd Methv Icholanthrcnc thus markedly increases the incidence of these 
tumors which arc hercditaiv chaiactcristic of strain A Spontaneous mammary 
carcinomas arose m strun A females whose vitamin E stores permitted a "first 
litter” fertilitj On the rancid diet the incidence of mammary tumors was much 
lower Whether this was due to lack of vitamin E or to some other dietary 

influence has not vet been determined Author's Summary 

Thi Statisticai Rhation Bitwcin Goitpr and Canclr J F McClendon, 
Am J Cancer 35 554, 1939 

Although the statistics so far studied may not be regarded as entirely sufficient 
to establish a relation between goiter and cancer, the evidence is pretty conclusive 
that thyroid adenoma may predispose to cancer of the thyroid, and the evidence 
IS ample to act as a warning that goiter may increase the cancer rate Therefore 
prophylaxis against goiter by administration of iodine to the young and adminis- 
tration of desiccated thyroid to the aged may be a precaution worth taking to 
prevent an increase in the incidence of cancer 

Painful Subcutanfous Tubfrcle (Tubircuium Dolorosum) A P Stout, 
Am J Cancer 36 25, 1939 

An investigation of 2,081 superficial tumors of skin and subcutaneous tissues 
showed that 20, or approximately 1 per cent, were associated with attacks of 
paroxysmal pain The types of tumor included not only leiomyoma and glomus 
tumor but also neurofibroma, fibroma, fibrosarcoma, keloid, dermoid cyst and 
benign epithelioma in a sebaceous cyst The tuberculum dolorosum, therefore, is 
not confined to a single form of tumor but may manifest itself in a variety of 
morphologic types No adequate explanation for the occurrence of the attacks 
of paroxysmal pain could be found From Author’s Summary 

Transmissible Monocvtoma of the Mouse M R Lfwis, Am J Cancer 
36 34, 1939 

The strain-specific transplantable growth designated as monocvtoma no 255, 
which arose from the implantation of a white spot on the spleen of a mouse 
which had received an intrapentoneal injection of dibenzanthracene four hundred 
and eleven days previously, is composed of malignant cells of the monocyte type 
(the majority of them being permanently altered large epithelioid cells) and is 
transplantable bv means of living cells of the same kind 

From Author's Conclusion 
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Cancer and Jews G Woii-r, Am J Pljg (Sect A) 29 121, 1939 


These new^ statistics fiom Beihn seem to show' that there is little leal diffeience 
between Jews and non-Jew's in the general frequency of death from malignant 
disease if the higher mortality of the youngest age groups is left out of considera- 
tion because it depends on small numbeis and is opposed to the somewhat low'cr 
mortality of Jew's m a majoiity of the other age groups On the whole, the 
standardized moitality late foi the Jewish population is slightlj less than that 
foi the w'hole population These differences tend to disappear and mav w'ell be 
due to changes of social and occupational structure, since mortalitj from cancer 
IS clearly associated with some occupational differences and perhaps influenced 
to a certain degiee bj' social factois, foi example, opportunities for earh diagnosis 
and tieatment Here, then, racial factois seem to play no part On the othe'' 
hand, there is plainly a diffeience betw'Ctn the two gioups m the localizations of 
the disease ^Vhether this difference is a lacial distinction or the consequence of 
a difference m habits of life remains obscuie The recent obsenations of Handle) 
speak against any racial immunitv fiom caicinoma of the uterus, they require 
confirmation before they can be fully accepted In general, it seems improbable 
that in such a racial mixture as the leligious communit) of the Jews must be 
from the anthi opologic point of Mew theic should be racial differences respecting 
the pathologic nature of malignant disease It seems far more probable that in 
this inattei habits and customs, eating and drinking, occupations and social status 
have an influence, limited but distinct, w'hich has not vet been explained It is 
true that cancel is distinct from the epidemic diseases, which show' seasonal, 
secular and geogiaphic vaiiations, and is a reasonably constant cause of mortalit), 
depending principally on age It may be that a study of heredit) w'lll bring about 
clearer conclusions by tiacmg the couise of events m particular “cancer families”— 
an important if difficult piece of w'ork This, however, is a pioblem totally different 
from that of racial ideology, w'hicli has but little in common with the exact studv 


of inheiitance 


From Author's Conclusions 


PiNEALOMA A H Baggenstoss aiid J G Lovr, Arch Neurol & Ps)chiat 
41 1187, 1939 

Of 10 cases of tumoi of the pineal body (pmealoma), the authois classified 
2 as cases of glioma (spongioblastic pmealoma) In 5 cases the structure oi the 
tumoi lesembled phases in the development of the normal pineal body Foi 
instance, in 3 of these 5 cases the histologic picture suggested the pineal bodies ot 
infants of about 2 and 9 months In the lemaining, the third, gioup of cases the 
authors included cases of so-called pineal ependymoma, w'hich, they state, is diffei- 
entiated from pure ependymoma by the presence of large cells possessing the 
charactei istic features of pineal parenchymal cells In short, in some cases a 
pineal tumor arises from parenchymal cells of the pineal body, and in some, from 
the neurologic cells 


Familial Mammary Tumors in the Rabbit H S N Greene, J Exper Med 
70 147, 159 and 167, 1939 

The clinical histones of two different types of familial mammary cancer in 
the rabbit are given As to one type, the first clinical sign of an abnormality of 
the breast was a sudden intense engorgement, after which the disorder passed 
through stages of cyst formation and benign neoplasia to cancer w'lth metastasis 
In regard to the second type, the neoplasia originated in clinically normal bieast 
tissue, and there was no history of antecedent mammary abnormality 

The pathologic histones of two types of familial mammary cancer in the rabbit 
aie given One type w'as distinguished by charactei istic antecedent mammarv 
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change*! siinilai to those found in bchiinmelbusch’s disease in women and by a 
distinctne papillaiv structure Ihc second type originated in normal breast tissue 
and was cliaiactcii/ed histologically bj an at}p!cal proliferation of acini 

The clinical and the pathologic com sc of 25 mammary tumors in rabbits are 
described The antecedent bistorv of the breast and the morphologic charactei 
of the giowths allowed a natural classification into two distinct types, one of which 
was distinguished b\ piccMsting cestic mastitis and a papillarj structure, w'hile 
the other originated in clinicalh normal mammary tissue and w’as characterized 
hj an adenomatous structure The two types of neoplasia occurred almost 
exclusivch in two famih groups, and heicdity played a fundamental role both in 
the occuiicncc of the tumois and in the dctei mination of the type Endocrine 
changes conipaiable with those found in animals after long-continued administra- 
tion of esttogcnic substances oceuircd in the tumor-bearing rabbits, and it was 
infeircd that the spontaneous growths icprcsented a natural counterpart of the 
experimental induction of neoplasia with cstione (theehn) 

From Aotiior's Summaries 

Mtx'xiR or Growth oi Froi CmvCixoma B Lucre and H Schlumberger, 
J Exper Med 70 257, 1939 

1 he adenocaremoma w Inch commonl j occui s in the kidney of the leopard frog 
has been transplanted into the antcnoi chambet of the eye, where the chaiactenstics 
of its grow'th ha\e been studied bj diiect observation w’lth the slit lamp microscope 
Such obsereations ha\c been amplified by photogiapbs taken at intervals as per- 
manent and objective records of the mode of development and progress of the 
growths from earliest to adeanced stages p^oM Authors’ Summary 

A CONSHIERATIOX 01 Cl RTAIN T\I>LS OP Bl NIGN TUMORS OP THE PLACENTA 

■\ A JylvRCHiTTi, Surg , Gj iiec Obst 68 733, 1939 

The comparatnc rarity of chonoangioma is attested by the 217 instances now 
on lecord in the literature From a study of 8 cases Marchetti differentiates 
seeeral types on the basis of histologic structure and pattern The cellular or 
inimatuie type, the vascular oi more mature type and the type accompanied 
by earying degrees of degenerative changes may intei mingle or show all grada- 
tions in the same tumoi It is fairly w'cll established that the tumor tissue origi- 
nates from the chorionic mesenchyme, wuth the proliferating endothelium and blood 
vessels plajing the leading lole, while the stroma has a subordinate part or is 
passive It IS still an open question whether the placental chonoangioma is a 
true tumor or a malformation Chonoangioma is of little clinical significance 

Warren C Hunter 

Carcinogenic Agents Present in the Atmosphere and the Incidence or 
Primary Lung Tumors in Mice J A Campbell, Bnt J Exper Path 
20 122, 1939 

Campbell finds that dust from tarred roads and chimney soot contain carcino- 
genic agents The former definitely increases the incidence of primary pulmonary 
tumors in mice, the latter produces little change The road contains other agents 
(inorganic substances) which aid the tar in producing its effects The caibon of 
the soot mitigates the effects of the tai m chimney soot 

A Comparison or Some Carcinogenic whth Noncarcinogenic Compounds as 
TO Photodynamic Activity I Doniac, Bnt J Exper Path 20 227, 1939 

Colloid suspensions of 3,4-benzpyrene in water sensitize paramecia to light m 
dilutions up to 1 100,000,000 The sensitivity of the paramecia is markedly 
increased by contact wuth the colloid in the dark The photo-oxidation products 
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of 3,4-benzpyrene aie also photodynamic, but tbeir action is not increased bv con 
tact in the dark The caicinogenic hydiocaibons l,2-ben/'anthracenc, cholanthi ene 
and methylcholanthrene have the same action on paramecia as 3,4-ben/p3 rene 
The noncarcinogenic sensitizeis to light aciidine, acriflavine, eosin and quinine 
sulfate are less potent photodynamicall}" than 3,4-ben/p} rene, and their action is 
not increased by contact in the daik The photodynamic propcitv is a sensitive 
means of assa 3 nng biological^' the afoi ementioncd caicinogenic livdrocarbons 

From Autiic-u s StvtvrvRv 


Fibroma or the Heart A. Svmiomdis and A J Linzbacii, Viicliows Arch 
f path Anat 302 383, 1938 


From the hteiature relating to so-called fibroma of the heart, a term winch 
usually refers to an organized thrombus, the authors select 6 cases that have 
distinguishing characteristics To these tlicv' add 3 of then own One of the 
patients was a newborn infant, the second a child of 15 months and the third a 
53 3 'ear old man The tumors of this special gioup were congenital and solitai 3 , 
each was situated in the mvocardium and increased slo\vl 3 in size with the growth 
of the heart Thev' were not encapsulated 1 he 3 were composed of fibrous and 
elastic tissue, the latter increasing piogressn ely with the age of the lesion, a 
fact which is interpreted as evidence of adaptation to cardiac function The 3 were 
neither mflammator 3 ' nor neoplastic but were congenital maldev'elopments A 
lesion of the type described is termed a fibroelastic hamartia It is a maldevelop- 


ment of the interstitial tissue of the mvocardium m the same wa 3 that the cardiac 


rhabdomyoma is a maldevelopment of the muscle 
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Formation of Fibrils in Cllturfs or the Jinsen R^vt S vrcoma jMarvan 
Rozynek, Virchows Arch f path Anat 302 405, 1938 

This IS an experimental attempt to answer the question Do the immature cells 
of rapidly growing tumors permanently lose their pow'er of difterentiation, or 
IS this power merely held m abeyance? When the Jensen rat sarcoma, which in 
the host IS very cellular and shows no formation of fibrils, was grown m vitro, 
especially under conditions that retarded growth, it showed formation of collagen 
and elastic fibrils The fibrils were produced b 3 ' the sarcoma cells, the process 
being identical with the formation of fibrils in cultures of normal connective 
tissue When fibnl-forming explants weie leimplanted into rats, the usual cellulai, 
nonfibrillated neoplasm developed The findings indicate that the propertv of 
differentiation is not permanently lost by the saiconia cell o Schttitz 
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PATHOLOGICAL SOCIETY OF PHILADELPHIA 
Ba\tiu L LK\\\roRD, President 
II L Ratciiiii Sen eta) x 
R cgula) Mtitaig Mai eh 9, 193^ 

Laxity as to the Qualifications of an Expert in the Commonwealth of 
Pennsylvania as Illustrated by Recent Legal Testimony HruBCRX 
Lund 

This IS a I epoi t of legal tcstinionj given by a pharmacist-chemist who for 
>cars has practiced certain important branches of hematology and seiology It 
points out a weakness in oui judicial s\stem A recent niuider trial forms the 
basis ot the report (Coniiiioiiwcalth of Pcnns\lvania vs James A Reillv and 
others in the court of 0\cr and Terminer of Favette Counti, Pa , 11/67, Decem- 
ber term, 1936) The pharmacist-chemist testified foi the Commonwealth of 
Penns^ 1\ ania as to the nature of certain dry stains According to his repoit, he 
identified the stains as blood and determined the groups He used a physiologically 
unsound method m determining the groups of the dried blood, attempting to recover 
the crjthrocjtes in saline solution and agglutinate them, a method similai to that 
usually used in typing fresh blood Such an application of the method is not 
advocated by anj textbook or authoiity I questioned his results and demonstrated 
a fallacy of the method to the jurj The point was made that unless the dry red 
cells were fixed and insoluble they would hemolyre when aqueous solutions were 
added (Guthrie, C C Avt J Phyuol 8 441, 1903), and no cells would be lett 
for the agglutination reactions The pharmacist-chemist when subjected to a 
coached cross examination displayed a surprising ignorance of elementary hema- 
tology and serologj-- He admitted that he had never examined blood microscopi- 
cally except under low magnification (100 diameters) He admitted that he had 
never identified leukocytes “liecause they are so in the minority, it is a mighty hard 
thing to find microscopically” He knew of no books that desciibed leukocytes 
He did not know that stains could be used to bring out differences in blood cells 
He repeatedly stated and affirmed that erythrocytes after months of drying were 
still alive “in every sense of the word,” because if they were dead they would 
hemolyze and could no longer be seen He consistently and repeatedly described 
erythrocytes as having nuclei (in contrast to leukocytes) and as being larger than 
leukocytes He did not know of the concave surfaces of the erythrocytes 

Grouping of dried blood stains is one of the most difficult branches of serology, 
yet the pharmacist-chemist undertook this work with practically no elementary 
experience He admitted that the only fresh blood he had ever tvped was his own 
In spite of this inadequate training he had, on many occasions, testified in the 
courts of Pennsylvania and nearby states as to the groups of dried blood stains 
This illustrates the shortcomings of a system m which the qualifications of 
experts are judged by laymen It is apparent that laymen cannot evaluate an 
expert’s technical knowledge or the adequacy of his methods but must base their 
decisions on his age, years of experience, college degrees, official titles and 
personal appearance Laymen do not appreciate the limitations of an expeit’s 
field, and there is a tendency to enlarge his scope In this case, serology was 
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considered well within the field of a general chemist Cross examination under 
ordinal y circumstances is inadequate In man}' cases the object of cross examina- 
tion IS to embarass the witness and make him lose prestige rathei than to evaluate 
his ability Usually, inconect answeis are not lecogmzed by the judge and jur} 
When disputed, the witness’ “opinion as an expeit” makes a simple question appear 
to be at best a highly controversial point E\en when the opinion is contested 
by one qualified to do so, the mattei simmeis down to one man’s word against 
anothei ’s 

The Need for Improvement in Medicolegal Investigation T A Goxzucs, 

Chief Medical Exammei, New Yoik 

Of the vaiious blanches of medical science, forensic medicine has recened the 
least attention Few universities have provided in their curriculums courses of 
instruction in this science The opportunity to acqune expeiience in the subject 
by practical application is piesented only in the largei cities, where sufficient 
material may be acailable As a lesult, the lack of tiained experts in this field 
may be responsible in some degiee for the mfeiior quality of the medicolegal 
investigations m the majority of jurisdictions in this coiintr} 

Other factors are the tenacious retention of the coionei sjsteni w'lth its man} 
inadequacies and the failure in some communities to recognize that accurate 
establishment of the causes of death and other medical facts in cases of Molent, 
suspicious or sudden unexpected death is purely a medical function and should not 
be relegated to lay coroners’ juries 

The coronei’s being an elected official (often a la} man) with a short temiie 
of office and the combination of medical and magisterial functions are the funda- 
mental weaknesses of the coioner system Where efforts ha\e been made to dnorce 
the medical from the judicial functions, the necessity for trained medical iinesti- 
gators has become apparent 

The establishment of the medical examinei system m the clt^ of New York 
m 1918 created a sound basis for future development In 1927 Essex Count} 
(Newark), N J, adopted it This system is puiely investigatory, and its primary 
function is to establish accurately the causes of death and other medical facts in 
cases coming under its jurisdiction The law which created the New Yoik office 
of medical examiner lequiies that the personnel shall be selected from the Classified 
Civil Service, with a permanent tenure of office It specifically indicates the 
methods to be pursued m investigations, particularly m regaid to tlie visit to the 
scene and the investigation of the cncumstances of the death, the juiisdiction of 
the medical examiner over the body, the form of report and the power of the 
medical examiner to peiform a neciopsy w'hen m his opinion a necrops} is neces- 
sary It also empoweis him to take possession of any object found at the scene 
which in his opinion is necessary for the investigation 

Laboratory facilities aie prov'ided for toxicologic, chemical, histologic, nac- 
teriologic and serologic studies While the necropsy lemams the essential pio- 
cedure, there is a certain peiceiitage of cases in which it fails to reveal the cause 
of death, and it is then that the laboratory investigations become impoitant The 
necessity to determine the piesence of alcohol and other drugs in cases of death 
by violence, unexplained death or suicide by poison is w'ell established Foi this 
purpose a toxicologic laboratory is indispensable The establishment of the blood 
groups should be a routine procedure in explaining a violent death, and the exam- 
ination of blood spots found at the scene or on the clothing of the victim oi the 
suspect when a homicide has occurred is also essential in some cases Postmoitem 
bactenologic investigations are often the means of clearing up cases in wdiich 
obscure types of infections are a factor 

To summarize, the modern medicolegal system should be an impartial fact- 
finding medical organization, administered by trained medicolegal pathologists and 
laboratory experts Adequate facilities should be provided for the practical 
application of appropriate branches of medical and othei sciences to the investiga- 
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lions Ihc accinatc (.stablishnicnt of causes of death and othei medical facts which 
inaj he useful foi pi escntation in court siiouid he the pi unary consideration In 
such an organi/ation maKisierial functions ha\c no place, thev should be lelegated 
to the ]udiciar}, wheic thc\ belong, i e to the magistrates’ couit, the giand jury 
and the criminal courts 

The Coroner and the Medical Examiner R P Custfr 

“If there is mtIuc m antiquiti, the coronei’s office must have it” (Schult?, O T, 
and Itlorgan E M 1 lie Coionci and the Afedical Examiner, with a Supplement 
on Aledical Teslirnoin h\ E M Morgan, Bulletin 64, National Research Council, 
Committee on Afedico-Lcgal Problems, Washington, D C, National Research 
Council, 1928) It is definiteli known to have existed in England as far hack 
as 1194, the coronei maintaining an important status as a representative of the 
crown and a conscr\ator of the peace bringing criminals to justice and acting in 
default of the shcrifT Ills most significant duty then, as now, w'as to hold inquests 
on the bodies of those supposed to ha\c died b> violence, by accident or in prison 
His qualifications were knighthood, residence m the county and property 

Transplantation of tlic office to our sjstem of government was natural enough, 
the duties, iiowcici were confined laigcK to the investigation of deaths occurring 
under unusual circumstances espccialK those in connection wuth wduch violence 
or cnminahh was suspected Bncfli, the coroner must decide, after a survey 
of the case, whether an inquest shall be held, if an inquest is to be held, usuallj 
with the aid of a jur\ and ciidencc submitted b> his deputies and medical 
assistants, he must decide not onli the cause of death but also wdiat person, if 
am bod}, is responsible and must initiate steps for the apprehension and indictment 
of ail} one accused Thus, the coroner’s endeavor assumes both the medical and 
the judicial aspects of criminal investigation, including study of the corpus delict 
and the hearing of tcstimoii} of witnesses Unfortunately, the coroner m this 
countr} was made an elcctne officei of the county, subject to the vagaries of 
partisan politics , he is none too w’cll paid and usualh is hampered by the fact that 
the budget is too niggardly for the maintenance of a competent staff of w'ell trained, 
properl} equipped assistants, oft-times he is forced to employ ineiitous vote 
getters Although his duties are both medical and judicial, he is rarely required 
to be a physician or a lawyer, and seldom is In Britain, wffiere the office of 
coroner is still appointive as recently as 1926 previous inadequacies m this respect 
were partially corrected by an amendment stating that the incumbent must be a 
“barrister, solicitor or legally qualified medical practitionei of not less than 5 
years’ standing in his profession” , his tenure of office is permanent wnth provision 
for pension But even w’lth these improvements the English system falls far short 
of that of the European continent, where institutes of forensic medicine assume 
major standing in unnersity structure and wdiere crime detection has attained 
high repute 

As regards the coroner’s physician, he is rarely a career pathologist and prac- 
tically never devotes full time to the work, he is thereby definitely handicapped 
in the duties expected of him Nor can an} blame be attached to him It would 
be utterly ridiculous to ask a physician to give up his established practice for an 
inadequately salaried office, the tenure of which depends on the uncontrolled will 
of the coroner and changes in partv administration The coroner’s physician 
rarely, if ever, is an eye witness to the actual scene of death w'lth bodv and 
environs undisturbed Consequently he must sometimes deal wnth what is essen- 
tially a medical problem on data furnished by the police or a deputy coroner 

In the main, facilities for a complete medical survey of a case are woefull} 
lacking The equipment for postmortem examinations is usually mediocre, not 
uncommonly of the worst How often is the coroner’s physician handicapped, 
even at an impasse, in the final intelligent interpretation of his gross findings 
through lack of microscopic examinations of tissues and bactenologic and chem- 
ical studies? 
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In sharp contiast to all of this, Dr Gonzales has given an impiessive pictuit 
of a well organized, effcctivelj' functioning medical examiner’s office, still undei- 
manned, however, and with too limited a budget to care completed for the 
tremendous duties imposed by a metropolitan population Again, the sjstein 

affects onl}’- the city of New York, rather than being statewide as it is in Massa- 
chusetts A weakness in the system in Massachusetts lies in the fact that outside 
of Suffolk County (Boston) the examiners are largelv physicians, not pathologists, 
so that at least some of the work and records lack uniformity and completeness 
The obvious advantages of such a system have been demonstrated, and the 
analysis by Schultz and Morgan, from wdiicli much of nn material has been draw'ii, 
offers an utter condemnation of the old and outmoded coi oner’s office It is 
apparent that the adoption of the medical examiner system w'ould (a) wnthdraw' 
the office from politics, (&) unify and vastly impro\e the iinestigation of death 
occurring under unusual circumstances, in close harmonv with police and legal 
offices, (c) force improvement in laboratorj' facilities in lural districts and 
maintain a check on the standards of autopsy studies in all hospitals , (rf) aug- 
ment the teaching of forensic medicine in medical and law' schools, and (e) 
encourage lesearch and publication in foiensic medicine 

It should be emphasized finallj' that salaiies must be adequate and that graded 
increases in salaiv and rank must be established to furnish incentive for men of 
high caliber to accept the responsible positions and for young men of equal qualitj 
to enter this branch of medicine as a caieer Even so, the ultimate cost to state 
and county w'ould show' little if any increase, more probably a decrease 


NEW ENGLAND PATHOLOGICAL SOCIETY 
SiDNn\ Farupr, Picsideiit 
Bpnjamin Castleman, Scoctaiv 
Rcgulai Monthly Electing, Oct 19, 1939 

Effect of Irradiation on the Blood Charles E Dunlap 

The cnculating blood cells are quite resistant to destruction in vitro by radia- 
tion It IS probable therefore that changes in the peripheral blood picture depend 
in large part on damage to blood-forming organs The majoi damage affects 
tissues Iving within the field of irradiation, but lessei degrees of injury occur in 
distant bone mariow and lymphoid organs 

The lymphocytes, polymorphonuclear leukocytes and red cells do not show' 
parallel responses to any one technic of irradiation The lesulting blood pictuie 
represents a balance between the vulnerability of each cell tj'pe and its pow'ers 
of recovery Lymphoid organs are highly radiosensitive They show' early and 
marked damage after small doses but they also recover rapidly from injury 
Granulopoietic foci in the bone marrow are moderately radiosensitive, but they 
recovei a little more slow'lj' and less completely than lymphoid organs Ervthio- 
poietic foci aie fairly radioresistant, but, once injured, they show' poor pow'eis of 
1 ecovery 

After a single theiapeutic exposure to a fairly heavy dose of radiation, a 
decrease in the number of circulating lymphocytes can be detected within an hour 
The deciease continues for about three days and is follow'ed by recovery to normal 
or above in thirtv to sixty days The polymorphonuclear leukocytes show' a 
transient increase in number, reaching a maximum about twelve hours after 
exposure This probably represents mobilization rather than new formation of 
cells Subsequently the polj'morphonucleai cells fall below normal, reaching a 
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miniiiuini \aluc some six da\s after exposuie and then lecovenng to noimal 
a little mole slowlj than the iMiiphocjtes The icd cells are seldom affected by a 
single therapeutic exposui e but maj' show a slight decrease in number beginning 
a week oi ten dajs aftei exposuie Duiing the first week oi tw^o after treatment 
a lew' degenerating white cells ma\ be found in cii dilation There is a slisht 
shift to the left in the Aineth eount, and in some cases mild reticulocytosis occurs 
The behavior of the basophils, eosinophils and monocytes has not been adequately 
studied, but the\ probabh follow the neutrophilic granulocytes The blood plate- 
lets prohabK mcieasc aftci small doses and certainly decrease after massive doses 

Patients seldom show serious damage of blood by radiation unless subjected 
to tieatmcnt with massm. doses oi to piolongcd tieatment Radiologists and their 
technicians, thioiigh slight carelessness, may expose themselves to repeated small 
doses of ladiation and suffei significant injuiy of the blood Massive overexposuic 
damages ceils ot ail types and leads to death from agranulocytosis or anemia 
Slight OI model ate chronic o\ci exposuie lesults in leukopenia with relative oi 
absolute hmphocjtosis, often associated with anemia Radiation anemias aie 
ordinal ih charactei ized In parallel i eductions of red cells and hemoglobin wnth- 
out change in the appearance of the remaining blood cells In a considerable 
numbci of cases, howcvei, one notes an elevated color index w'lth anisocytosis 
and poikilocytosis, an occasional slight increase in blood bilirubin and rare megalo- 
cjtcs Associated with leukopenia and relative Ivmphocytosis, this picture may be 
difficult to distinguish from peimcious anemia 

Occasionally radiologic workeis show bizaire regenerative states, probably 
lesulting from oiercompensation of the blood-forming organs for repeated slight 
injun Various degrees of Ij mphoc\ tosis, monocytosis, eosinophilia and erythro- 
citosis ha\c been described Since 1911 reports of 28 instances of leukemia 
occurring m ladiologic workeis have appealed Both lymphatic and myelogenous 
leukemia have follow'cd exposure to roentgen rays as well as that to radioactive 
compounds Some doubt exists as to the ctiologic role of radiation in these cases 
even though scveial workers have shown that the incidence of spontaneous leukemia 
in experimental animals can be greatly increased by repeated small doses ot 
radiation 

The treatment for abnoimalities of the blood lesulting from iiiadiation is 
immediate icmoval of the subject from further exposuie Recoveiy under these 
conditions is usually uneventful Radiologic woikeis should have periodic com- 
plete examinations of their blood Leukopenia with relative lymphocytosis is evi- 
dence of inadequate protection, and anemia indicates that seveie damage of the 
blood has already taken place 

DISCUSSION 

Shields Warrln There is little that I can add to the summary that Dr 
Dunlap has given so clearly, but theie aie a few points that I should like to 
stress a little more than he has In the first place, it is geneially the responsibility 
of the pathologist to keep an eye on the hematologic work of the hospital, and it 
IS consequently the lesponsibility of the pathologist to see that the hospital radiolo- 
gists and technicians do not get into difficulty I am afiaid pathologists do not 
accept that responsibility as seriously as they should While the amount of 0 2 
roentgen has been stated as a probably safe amount, it has been stated arbitrarily 
There is no exact knowledge on, the subject, and, moreover, it is hard for one 
working with roentgen rays or radium to get average exposure Consequently I 
feel that the pathologist will be doing a real service to his medical colleagues in 

the fields of roentgen radiation and radium if he keeps a careful eye on then 

blood and notes any of these changes that may take place As Dr Dunlap ha-, 
pointed out, recovery is usual, and given half a chance, say six weeks out in the 
sun. It is amazing how completely the normal blood picture may come back 

Kenneth Livingstone In order to gain an impression of the changes m 

the white cell pictuie following the application of roentgen rays of high voltage 
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over large fields, we have leviewed 12 cases in which treatment of this tipe was 
used during the past six months at the Coll is P Huntington Hospital The 
million volt machine was used, the patients receiving from 800 to 9,000 roentgens 
over a 30 by 30 cm field No patient showed any indication that anemia was 
developing during treatment All show'cd definite leukopenia This reduction 
affected all the wdiite cell foims except in 2 patients wdio had malignant hmphoma 
with rery low' l}'mphoc\te counts befoic treatment, these 2 patients show'ed no 
change in the lymphocj'tes Compared on the basis of relative change in total 
numbei of cells, the Ivmphocytes w'ere the most labile of the white cell elements, 
the mononuclears show'ed model ate sensitnitj, and the poh morphonuclear series 
was most resistant during the period of treatment In several cases in w'hich the 
blood w'as studied three to six weeks after completion of the course of treatment, 
it gave evidence of continued depression of the polvmorphonuclear series although 
the l}mphocvtes and mononuclears w'ere apparently in the rebound phase described 
bj' Dr Dunlap In 8 of the cases young forms of the poljmoi phonuclear senes 
either appealed or increased in number during treatment The impressions gamed 
from these few' cases aie that the lymphocj'tes are the most labile of the white 
cells — flieir response to injury is quantitativelj maiked — but that their recoverv 
IS rapid, that the polymorphonucleai senes is relatneh resistant to injuiv but 
that the effect of injuij is more piolonged, and that the mononuclear series is 
intermediate in reaction and less consistent than the othei two foims 

Tracy B Maliorv Since Dr Warren has raised the question in regaid to 
radiologists, I think I might mention the slight experience w'e have had at the 
Massachusetts General Hospital During the last two years my associates and 
I have been examining the staff at frequent intervals I think it is probable that 
the figuies just heard here are in general those for persons who hav'e had one 
or more heavy treatments, and it is quite likely that the picture lesulting fioin 
chronic minimal exposure may turn out different from that m the x-rav depart- 
ment At the Massachusetts General Hospital a considerable percentage of the 
doctors and technicians have white cell counts running distinctly abov'e normal 
limits, as high as 15,000 in some instances One patient has a red cell count of 
6,000,000 In other W'ords, the element here seems to be that of stimulation rather 
than depression, and, since the parallelism of benzene poisoning was brought out 
it is also worth remembering that in a considerable percentage of cases of mild 
exposure to benzene increase rather than decrease in both w'hite and red cell 
counts was noted 

George Watt What could be consideied a good interv'al, or how manv 
examinations should a person exposed to loentgen raj's have, to be adequatelv 
protected ? 

Shields Warren Examination about once a month should enable one to 
detect any early change m the blood 

William Freeman Given a patient who has moderate anemia established 
from roentgen radiation, is any specific therapy effective? 

Charles E Dunlap I do not believe there is anv specific treatment for the 
anemia One merely stops the exp'osure to radiation until recov'erj' has proved 
adequate 

Sidney Farber Has there been any correlation between age and radiation 
effect? 

Charles E Dunlap A few experiments show that younger animals are a 
great deal more sensitiv'e than older animals A pregnant rabbit irradiated tw'o 
daj's before delivery and two days after deliv'erv will die of anemia Young rats 
irradiated shortly after birth will have more profound anemia in a shorter time 
than older rabbits I do not know of anj' work on human beings 
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Fat Embolism Lounl M Ghai 

Fat embolism was pioduced m labbits by mtiavenous injections of fat extracted 
from the long bones of labbits The fatal dose was found to be between 0 8 cc 
and 1 1 cc per Kilogram of bodj' \\ eight One senes of rabbits was given increas- 
ing doses of fat (0 1 to 0 8 cc per Kilogiam) , the animals were killed in twenty-four 
houi s, and the total fat was extracted from the lungs Another series was given 
subletbal doses of 0 5 cc per kilogram , the rabbits were killed in one to seven days, 
and the total fat was extracted from the lungs This formed a basis for the study 
of the distribution of fat m the body and its disappearance from the lungs This 
was compared with the histologic pictuic m the lungs 

Various emulsifving agents weic used, but these failed to effect lecovery in 
rabbits gnen injections of fat 

One sei les of rabbits, how'ever, wdicn stai ted on small doses and given gradually 
increasing doses o%er a period of three to four weeks became tolerant to fat, so 
that tbej’’ showed no ill effects on recening m single successive doses amounts 
which oidinanly w'ould cause then death This tolerance to fat has been reported 
b\ tw'O other groups of iin estigators but remains unexplained 

The con elation of manv experimental results to observations in patients with 
fatal fat embolism is conflicting The histologic picture is very similar, but the 
latal human dose and tlie ccitain origin of tins embolic fat are still under dispute 

1 ISCCbblON 

Blxjamix' Castleman Were histologic sections of the lungs made and, if 
so, was there anything that suggested hpoid pneumonia^ 

LoR^E Kf Gray The question of lipoid pneumonia is an interesting one The 
usual reaction to fat embolism m the rabbit is a few polymorphonuclears and con- 
gestion of blood \csscls m the lung — hardly comparable to human lipoid pneumonia, 
in which mononucleai fat-laden phagocytes predominate How'ever, m animals 
that ha\e Ined a month after the last injection there is some fat in the alveoli In 
some of the human beings wdiose cases are reported m the hteratuie large areas of 
hemorrhage were present aiound the fat, but I have never seen that to any extent 
in experimental animals 

Doxaid a Nickerson Is there any correlation betw^een the amount of tissue 
m the lungs containing fat emboli and fatality ^ 

Lorne M Gray The distribution of fat in the lungs is more or less patchy in 
the expel imental animal and m man Fat is piesent m the capillaries, arterioles 
and alveolar spaces , but the longer those animals which have received sublethal 
doses liY^e before they are killed the less the fat that is seen in capillaries The 
spread appears to be from capillaries to arteuoles and then into alveolar spaces 

Relation of Chronic Mastitis to Carcinoma Shields Warren 

Although chronic mastitis has been lecognized as an entity, and although its 
relationship to carcinoma of the bieast has been under discussion for over a hundred 
years, there have not been made available as yet any generally accepted data that 
would permit the surgeon to know what chance of development of carcinoma he 
requires his patient to take Yvhen he leaves a focus of chronic mastitis in the breast 
Most studies have been carried out on the basis of finding evidence of coexisting 
carcinoma and mastitis in the surgically removed material Two difficulties are 
encountered with this method of investigation First, any appreciable degree of 
association might be coincidence Second, the mastitic changes might be the result 
rather than the precursor of the carcinoma 

Since the practical question that the pathologist and the surgeon have to face 
is what will happen to the breast showing chronic mastitis, it seemed that the 
best way of dealing with the subject was to follow an appreciable group of cases 
for a long enough period of time to gain a fair idea as to wdiat the ultimate 
behavior of such a breast might be 
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The present study was undertaken from that standpoint It is based on 1,206 
cases of various types of diseases of the breast which were followed for five years 
or longer The exceptions to this follow-up period weie the cases in which 
carcinoma developed in less than five jcais aftei the fiist operation for a benign 
lesion of the breast 

In order to test further the statistical \alidity of the results and to insure an 
adequate variety of the samples selected, 602 cases were taken from the files of the 
Toronto General Hospital in Ontaiio and 604 from those of various Boston 
hospitals The Boston group was further dnided into two samples These three 
groups checked wuth one another closel}' The vast majoritj of the cases were cases 
of chronic mastitis and chronic cystic mastitis, but there were included 21 cases of 
adenoma and 70 cases of adenocystoma Among the latter, there were 7 cases of 
carcinoma, an incidence of 8 per cent 

In the group of chronic mastitis and chronic cjstic mastitis there w’ere 35 cases 
(a percentage of 3 4) m which cancer developed either in the previously invohed 
breast or in the opposite breast When the incidence is calculated on the basis of 
the number of years of exposure and contrasted with the attack rate rather than 
the mortality rate, the occurrence of cancer is found to be 0 37 per hundred as 
against a calculated rate of 0 03 per hundred in the cntiic female population of 
Massachusetts in 1930 

The average duration of the follow'-up studj"^ w'as nine vears, and the age distri- 
bution of the cancers was such that approximately one half the patients were under 
SO and one half over 50 vears of age 

One of the most difficult problems is that of determining wdiat the morbldlt^ 
rate of cancer of the breast in the female population is I ha\e assumed that the 
annual mortality rate multiplied by 2 w'ould equal the annual attack rate on the 
basis that the number of patients cured of cancer of the breast and the number of 
patients whose cancer w'as never diagnosed w'ould perhaps equal the number of 
patients dying from the disease This is probablj an excessnelv high allow'ance, 
but it seems wise to work cautiously in this field and overestimate rather than 
underestimate the morbidity rate of cancer in the general population 

When one calculates from our material the age-specific cancer rates and con- 
trasts them with those of the Massachusetts population and of Canada, two things 
stand out in startling fashion The first is the marked predominance of cancer in 
the group with antecedent pathologic changes in the breast The second is that 
there is nearly 12 times as much cancer of the breast developing in women from 
30 to 49 }^ears of age in the previously diseased group as in the general population 
and only 2 5 times as much as in those over 50 years of age In other words, the 
fact of antecedent pathologic changes in the breast has most w'eight wdien it con- 
cerns a woman in the earlier of these age groups 

When one turns to the histologic observations in those cases m which mastitis 
was follow'ed by carcinoma, the results are most discouraging There is no form 
of lesion singled out, but instead one finds piactically any type of lesion being 
followed by cancer of the breast In general, intraductal proliferation of the 
epithelium of the ducts appears to be the most important suggestion of subsequent 
malignancy The large columnar acidophilic cells that are occasionally seen lining 
cysts or projecting in papillary formation seem to be relatively rarely associated 
wnth the development of cancer It is not unnatural that there should be a relatively 
high rate for the development of cancer from true intraductal papillomas since 
at times it is possible to see infiltrating carcinoma spreading from the base of the 
lesion in ordinary histologic material However, no form of abnormal change in 
the epithelial elements of the breast seems to be safe It is my impression that the 
development of chronic mastitis, chronic cystic mastitis, adenoma or ej'^stadenoma is 
an expression of an undue ability of the mammary epithelium wdiich predisposes to 
the development of carcinoma and that no one type of lesion can be regarded as 
definitely precancerous, on the one hand, oi definitely dissociated from subsequent 
development of carcinoma, on the other hand 
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rroiii (he pinctiCii! staiK(i)oint, otic is faced witli the fact that in an average 
follow -up pciiod of ten tlicrc were 42 cases of cancel of the breast against 

a calculated cxpectaiie} — c\civ consenativc adjustment being used — of 13 cases 
This incidence of mammarj cancer following a preevisting lesion of the breast is 
not sufficiently great to demand bilateial mastectomy as a preventive measure 
The incidence is, howc\cr, sufficicntlv gieat, particularly among women of the 
joungci age groups, to moec one to consider them as constituting a special risk 
group that should be followed wnth gicat care, probably at least at six month 
intenals, w'lth resort to amputation when any suspicious change in the breast is 
noted Lest tins last suggestion seem too radical, I add that if one combines the 
number of patients who ha\e had cancel develop wnth the number of patients who 
hate had recurrences of their benign mammary lesions necessitating operation, the 
percentage is stiikmgh high 

nisti ssiON 

CnvNMXG C Simmons I ha\c been much interested in healing Dr Warren’s 
paper and comparing it witli work tliat Di R B Gicenoughand I did several years 
ago In 1914 we were struck with the number of cases of cj'stic mastitis m which 
malignant disease de\ eloped latei We studied a series of 83 cases of cystic disease 
01 the breast in which partial renioial was pcifoimed In 4, oi 4 8 pei cent, 

cancer dc\ eloped in the In cast which had been partially removed, in 8 per cent 

further cjstic disease developed lequiring amputation, in 5 pei cent cystic disease 
dc\ eloped in the other breast lequinng amputation of that bieast as well as of 
the first breast whereas 66 pei cent w'cre w’hat might be called “successful cases” 
Because oi the incidence of cancer ("4 8 pci cent) I now^ advise simple amputation 
for ctstic disease rather than paitial resection Occasionally I am inveigled into 
doing partial removal and often I am soiry afterward As legards the second 
breast, I haac no figures, but in main instances I ha\e had to remove it because 
of pathologic dc\clopmcnts 

Ira T Xatii\nsox Ihrce oi foui years ago Di Claude Welch and I were 
interested in the age incidcnee of carcinoma of the breast The figmes accepted 
up to that time were those of Dr Pack of the Memoiial Hospital, New' York, 
which are rather contrary to the general belief, probably because he has a dis- 
tinctly special group of patients, icf erred to the hospital only for the tieatment 

of cancer If one compares the incidence of cancer of the breast in a general 
hospital wnth that in the general population I think one is able to show that the 
incidence of cancer in a gencial hospital rises steadily wnth age Accordingly, 
we looked up the death certificates in Massachusetts from 1928 to 1930 and, 
correcting for the fact that one third of all patients with cancer never reached 
the hospital before death, found a distinct use in the incidence of carcinoma with 
age Therefore these figures confirm Di Warren’s figures based on a logarithmic 
curve The gioup wnth mazoplasia pieseiit a picture veiy different clinically in 
our minds fiom that observed m the group with frank cystic disease In question- 
ing a good many patients wnth caiciiioma of the breast as to whether they bad 
cyclic activity m that breast we were struck by the absence of this syndrome 

B Earif Ciark One other question I wish Dr Waiien could answer is 
What is the incidence of chronic cystic mastitis m the geneial population’ He 
has pointed out that m a number of cases carcinoma lemains undiagnosed, and 
I think It IS fair to assume that there are a number of cases in wdiich chronic cystic 
mastitis remains undiagnosed, probably much larger than that m which carcinoma 
remains undiagnosed Some writers put it as high as 100 per cent, without much 
specific scientific evidence 

Shields Warren I have no way of knowing the incidence of chronic cystic 
mastitis in the general population On the basis of female hospital population 
and from what I have been able to gather from the results of routine physical 
examinations made by various men, cystic disease is not by any means infrequent 
On the other hand I should think that 100 per cent is a long way from the truth 
There are many women with cystic disease who do not have carcinoma I think 
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all physicians can do is to work on the basis of the cases thev have been able to 
study and decide what to do foi the patients in the light of present knowledge 
If in the couise ot a loutine physical examination cystic mastitis is encountered, 
It should be regaided as impoitant 

B Earie Ciark As legards making a separate group of the cases of chronic 
cj’^stic mastitis, my^ opinion is that one can ficcjuently find ail the histologic teatures 
of both groups wuthin the same breast and that a small poi tion of breast removed 
for pathologic examination is not a tiuc sample of tlie w'hole bieast There niai 
be epithelial hvperplasia in one pait and fibiosis in anothei 

Shields Warren I am m complete accord w'lth this iioint of ciew Although 
I first separated the types of hi cast changes in this study, my results were about 
the same, so I lumped them all togethei as one In the study of chionic mastitis 
and chionic cystic mastitis theie is a tendency to find all giadations 

Robert Fienberg There is one point I should like to ha\c Dr Warren clear 
up in relation to the high percentage ot caicinoma following ccstic mastitis in the 
low'er age gioups, wdiich I attribute to hormonal stimulation of tlw breast In the 
general curve, howecer, showing an incicase in the incidence of carcinoma of the 
breast in older age gioups, I am stiuck bv the fact that, especially in the ccr\ 
old, in wdiom there is a veiy high incidence of cancer of the bieast there has 
been no hormonal stimulation foi a long time, up to thirtc-fi\e to forte years 
This long period is inconsistent if the cancer is due to hoimonal stimulation In 
other words, it seems as if the mechanization of cancel is dilTeicnt in the younger 
gioups with cystic mastitis than in the older groups 

Shields Warrex' I should hesitate to claim that chionic mastitis and chronic 
cystic mastitis are important factors in caicinoma of the breast All phy^sicians 
can do on the basis of the data thev now' have is to deal with these lesions of 
the bieast in the light of those with which they' ha^e come m contact The impor- 
tant thing IS to point out that the incidence of carcinoma in any' organ, not only 

in the breast but in the skin, the prostate and the stomach, tends to increase 
maikedly w'lth mci easing age Now' a slight hint as to the explanation of this 
has been thiow'n out by some of the hormonal w'ork, which suggests that atrophic 
epithelium is much more likely to lespond abnormally w'lth stimulation than 
epithelium w'hich has not ati opined Whethei that is going to be borne out in 

the future I cannot say' I do not Avant y'ou to carry aw'ay the idea that any 

appreciable \olume of caicinoma of the breast comes from chronic cy'stic mastitis 
All I am prepared to say is that w'omen with chronic cystic mastitis and those with 
papillaiy' cyst adenoma represent a gioup of w'omen that IiaAe a special hazard and 
so deserve particulaily careful attention 
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The General Tissue and Humoral Response to an Avirulent Tubercle 
Bacillus Including Growth Characteristics of the Organism Sol Rov 
Ro'^cnthal, M D , Ph D , Associate in Bactcnologv and Public Health Joint 
Contribution fi oin the T icc I-aboi atoi ics of the Citi of Chicago Municipal 
ruberculosi'! Sanitai luin and the College of Aledicine of the University of 
Illinois Illinois Medical and Dental Monogiaphs, Vol II, No 2 Paoer 
Pp IS4, with SO illustiations Piict S2 50 Urbana University of Illinois 
Press, 1938 

T he faiiiiK of acid-fast bacilli still offers main questions to the investigator 
Plus book icprescnts the efloits of its authoi to elucidate some of the unknowai 
factors of one mcmbci of this faniih, nanielj BCG The author has studied the 
BCG inieio-organisin Horn numerous standpoints and has embellished his record 
with meticulous detail flu stud\ embraces the effect of fats when mcorpoiated 
into mediums on bacillar) c;io\\lh It takes into account the response of the 
sc\eral tissues and oigans of the guinea pigs bodv to infection by various accented 
routes, nainch, intia\enous, intiadermal and oral It records the tissue reaction 
to injection of fractions of the tubeicle bacillus and discusses the so-called sub- 
microscopic forms and their effect on the rcticulo-ndothehal ssstem It indicates 
that the life c\clc is nuich like that winch Kahn has desciibed for the tubercle 
bacillus 

The book lepresents a piodigious amount of w'ork Tins m places seems of 
high order, in othei jihces it gives the impiession of lack of discrimination, lack 
of discretion m listing detail and lack of ciitiqnc In some aieas the detail appears 
to be labo^ator^ notes almost \erbatini The authoi piesents a gieat deal of 
factual infornntion as to tlie presence of acid-fast bacilli in vaiious organs of the 
bod) remote from the site of inoculation, as w'cll as much factual mattei on the 
histologic response in these aieas lit appears, at the same time, to have no 
difficulU in idcntifjmg leadih alt types of cells and cellulai stiucture involved 
in the areas of reaction The microscopic studies have been earned out m great 
detail in practicall) all the organs of the body and at many periods of time alter 
inoculation, from a few minutes to longer than a year Blood i espouses, especially 
the monocvte-lvmphocvtc ratio, have received considerable attention 

The contention that the inoculation of bacilli pioduces piompt effects in remote 
parts of the bod) thiough its influence on the entire reticuloendothelial system is 
engaging m some respects It is stated that the cellulai response is prompt m 
remote paits of the body — presumably the reaction is to “submicroscopic” forms 
of the tubercle bacillus Organs showing the reaction are culture negative for the 
most part, but transfer through a series of animals produces sensitiveness to 
tuberculin and tuberculous disease such as is claimed for the filtrable forms of 
the bacillus The submicroscopic forms appear by inference to be bacillary gianules 
or something near filtiable forms The case for transfei of infectious matter 
through animals by several passages is suggestive but not coiiMncing 

The book contains numeious, and in places contusing, lapses m sentence struc- 
ture and shows poor pi oof reading Each chapter caines a bibliogiaphy 

One IS glad to have this book m one’s libraiy foi reference, yet one cannot but 
feel that elimination of a gieat deal of um elated factual mattei might have made 
the book moie attractive and more valuable 

La ponction sternale Precede de diagnostic cytologique P Emile-Weil, 
Medicin des Hopitaux de Pans, and Suzanne Perles, Chef de laboratoire a 
I’Hopital Teuton Paper Pp 183, with 25 illustrations and 9 colored charts 
Price 75 francs Pans Masson & Cie, 1938 

This book reviews the field of application of sternal puncture, pointing out its 
advantages but also sources of error The authors in 1936 published a book on 
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splenic puncture, and Emile Weil is also the autlior of a volume on diseases ot 
the blood The present work is the outcome of years of study of material 
obtained by puncture of the hemopoietic centers (spleen, liver and sternum) The 
material is divided in two main parts The fiist deals with the technic of the 
puncture, preparation of smeais and staining The cytology ot the bone marrow 
is presented briefly but clearly with the help of some excellent colored drawings 
of marrow cells The proportions of the cells m the normal marrow are tabulated 
in the form of a sO'Called normal myelogram The relations of the different cells 
to one another are then expressed in the form of indexes The second part deals 
with the findings in disease The different leukemias, the leukemoid conditions, 
the neoplastic primary and metastatic growths of the marrow, the anemias, the 
polycythemias, the infectious diseases which influence the marrow, some diseases 
of the liver and spleen (kala azar, malaria, Gaucher’s disease and finalh Hodgkin’s 
lymphogranuloma and infectious mononucleosis are discussed 

For every disease which presents chaiacteristic changes in tlie marrow, the 
cytologic data are tabulated in the form of a myelogram The differences in the 
appearance of the cells in the same stage of differentiation in tlie marrow and in 
the circulating blood are emphasized, pai ticularlj^ with regard to plasma cells 
The concept of the m 3 'elogenous origin of the last cell and the implications with 
regard to the genesis of the so-called plasma cell myeloma arc interesting The 
sternal puncture is, according to the authors, indispensable for the proper diagnosis 
and evaluation of the anemias , there, as w'cll as m other conditions, it is essential 
for the prognosis, for the follow’-up and for the control of therapi^ and as an earlv 
indicator of relapses A good case is made in favor of the studj’- of tissue 
obtained by puncture of the spleen and occasionally of the liver, m addition to 
that obtained by sternal puncture In these lelativ'ely early jTars of sternal punc- 
ture the present monograph will serve a good purpose It radiates an enthusiasm 
which cannot fail to be transmitted to the reader It might have been better still 
if the shortcomings of the method had been stressed a little more adequately The} 
are known to those who have practiced it critically but are sometimes not suffi- 
ciently appreciated by others Such reserves as to what maj be expected would 
save considerable disappointment The book can be warmlv lecommended to all 
interested in hematology It has 158 references 

La mort des brules Etude expenmentale L Chnstophe Forew'ord by 
L Binet Paper Pages 93, with 20 illustrations and 20 tables Price 40 
francs Pans Masson & Cie, 1939 

Following a brief introduction comes a review of the literature on the causes 
of death resulting from burns Five chapters deal with the clinical picture and 
death as due to (1) loss of function of the skin, (2) circulatory disturbances, (3) 
nervous shock, (4) circulatory shock and (5) intoxications The author then 
presents the results of his own investigations, in which he was concerned with 
death occurring several days after a burn and not with death occurring within a 
shorter period The work was done on dogs Some were burned by means of 
a Bunsen burnei and some by scalding with hot water Some dogs were not 
burned but were perfused through the burned limbs of other dogs Long columns 
of chemical changes in the blood are recorded These investigations included 
also determinations of hemoglobin, of blood and plasma v'olume and of the sedi- 
mentation rate The results indicate that during the first houis after a burn 
toxic substances are formed These circulate in the blood and damage certain 
histologically demonstrable centers in the anterior part of the hypothalamus, wffiich 
in turn leads to nephritis characterized by lowering of the chlorides and by eleva- 
tion of the nonprotem nitrogenous substances The typical changes in the blood 
and the occasional gastroduodenal ulcerations are due to the same central lesion 
A 7 page bibliography is appended It is obviously incomplete Several names 
are misspelled The monograph is of considerable practical significance The 
therapy must be centered on the first few hours following the burn and should 
aim at a fixation of the toxic substances in the skin The lowering of the 
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chlorides of the blood suggests the importance of the intioduction of sodium 
chloride The anatomic changes in the central nervous system and in the kidneys 
are illustrated by 16 photomicrographs 

Brucellosis in Man and Animals I Forest Huddleson, D V M , MS, Ph D , 
Research Piofessor in Bacteriology, Michigan State College Contributor 
Authors A V Hardy, MS, M D , Dr P H , Associate Professor of Epi- 
demiology, DeLamar Institute of Public Health, Columbia University Medical 
School , Consultant, U S Public Health Service J E Debono, M D , MR, 
C P , Professoi of Pharmacology and Therapeutics, Royal University of Malta 
Ward Giltner, D V M , MS, Dr P H , Dean of Veterinary Division and Pro- 
fessor of Bacteriology, Michigan State College Cloth Pp 339, with 40 
figures Price $3 SO New York The Commonwealth Fund, 1939 

This book IS a revised and expanded edition of “Brucella Infections in Animals 
and Man” by the same author, published in 1934 The latter was devoted primarily 
to a description of laboratory methods foi the study of brucellosis The object of 
the new book is to meet the needs for a more comprehensive presentation of the 
growing knowledge of the disease, which Charles Nicolle regarded as “a disease 
of the futui e ” The scope of the book, which is clearly written and nicely printed, 
IS best indicated by an outline of the contents The three first chapters deal with 
Brucella — the general characteristics of the genus, the methods for its isolation 
and the differentiation of the species Then comes the section on brucellosis in 
human beings, in four parts an historical survey, brucellosis in the United States 
(by A V Hardy), brucellosis m Malta (by J E Debono) and treatment The 
epidemiologic aspects, the clinical manifestations, the diagnosis and the treatment 
of the disease receive adequate and competent consideration In the next chapter 
brucellosis in animals is reviewed as it occurs in cattle, swine, goats, sheep, other 
mammals and fowls as well as experimentally in guinea pigs The various 
laboratory methods for the diagnosis of brucellosis are well described In the last 
chapter Ward Giltner discusses the eradication or control of the sources of brucella 
infection, which “is a problem in animal hygiene and veterinary medicine, and this 
is fortunate since veterinary medicine is better organized for the control of this 
disease than human medicine ” There is an appendix of illustrative case reports, 
a select bibliography of 378 items and a good subject and author index The book 
will be of value to physicians, veterinarians and laboratory workers It is the 
creditable outcome of individual and cooperative study of the problems of brucellosis 

Protozoology Richard R Kudo, D Sc , Associate Professor of Zoology, Uni- 
versity of Illinois Second edition Cloth Price $6 50 Pp 676, with 291 
illustrations Springfield, 111 , and Baltimore, Md , Charles C Thomas, Pub- 
lisher, 1939 

This volume is the second edition of the author’s “Handbook of Protozoology ” 
The change of title was made because of the changes and additions to the text, 
but the purpose remains an attempt to present “introductory information on the 
common and representative genera of all groups of both free-living and paiasitic 
Protozoa” to advanced college and graduate students of zoology The intro- 
ductory chapter deals with the relationship of protozoology to other fields of 
biology and gives a short history of the subject Five chapters are concise state- 
ments of the general subjects of ecology, moiphology, physiology, reproduction 
and genetics Most of the book is devoted to the remaining 37 chapters, which 
form a taxonomic review of the Phylum Protozoa, in which systematics, morpho- 
logic aspects and methods of reproduction are considered and developed m detail 
Throughout, the book is well written and beautifully illustrated with pen and ink 
drawings Although it is designed as a text for beginners, the taxonomic portion 
IS complete enough to serve as a work of reference for protozoologists ivho are 
not specialists m the field No criticism can be given of the description of the 
parasitic protozoa, but parasitologists and physicians will be disappointed with 
the summary treatment of parasitism, immunization and related topics 
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Diverticula and Drercliitis or Tin Imistim 'J hi ir Pathoiog^, Di\g- 
N’osis AND Treatment Haiolcl C Edwaick, MS, FRCS (England), Surgeon 
and Lecturer in Surgerj^ to King’s College Hospital, London , Surgeon to the 
Evelina Hospital for Sick Childien, London, Jacksonian Essasist 1932, and late 
Hunterian Professor, Rosal College of Surgeons of England Foreword In 
Gordon Gordon-Tayloi , OBE, MS, FRCS Cloth Pp 335, with 223 illus- 
trations Price §8 Baltimore Williams S. Wilkins Conipan}', 1939 

Virus and Rickettsial Diseases W'itii Espiciai Consideration or Their 
Public Health SiCNiricANCE A Simposium Heid at the H\r\\rd Sciioor 
or Public Health, June 12-Junc 17, 1939 Cloth Pp 907, illustrated Price 
$650 Cambridge, Mass Haivard Unneisits Press, 1940 

A Textbook or Laboratori Diagnosis AVitii Ciimcai Appiications for 
Practitioners and Students Edwin E Osgood, Jil D , Associate Professor ol 
Medicine and Head of the Dnisioii of Experimental Aledicine UnnersiU of 
Oregon Medical School Thud edition Pp 653, with 37 illustrations Puce ?6 
Philadelphia P Blakiston’s Son & Co , 1940 

Annual Report or the Surgeon General of the Pubiic Hi \itii Sfrmce 
OF the United States for the Fiscal Ye\r 1939 Cloth Pp 185 Price 75 
cents Washington, D C Superintendent of Documents, W'ashington, D C, 
1939 

Diseases of the G\llbiadder and Biir Dlcts W'altman Walters BS, 
MD, MS in surgeijL Sc D , FACS Head of Section in Division of Singers, 
Majo Clinic, Professor of Surgerj Maio Foundation (University of klinnesota) , 
and Albert M Snell, B S , 1^1 D , M S in Medicine, F A C P , Head of Section 
in Division of Medicine, Ma}^ Clinic, Professoi of Medicine, Mavo Foundation 
(Universit}’^ of Minnesota) Cloth Pp 645, wnth 342 illustrations Puce $10 
Philadelphia W B Saundeis Compam 
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CHANGES IN THE ELASTICITY OF THE AORTA 

WITH AGE 

JOSEPH KRAFKA Jr, UD 

AUGUSTA, GA 

A senes of investigations on the elasticity of the aorta has definitely 
established the curve of extensibiht}’^ to be an exponential curve with the 
hollow at the 50-100 Gm tension level (Krafka This is in keeping 
with the observations of Yatei and Birkeland,- who noted that the 
greatest piopoitional stretch for strips was at the 50-100 Gm level 
The same geneial phenomenon may also be seen in the curve showing 
the relation of volume to pressure as given by Wiggers ® 

That theie is a shift in the elasticity of the aoita with age is a 
geneially accepted fact Some investigatois have claimed that this is 
not a piogressive phenomenon, but that there is an inciease in disten- 
sibihty from birth to the twentieth yeai with a giadual decline from 
that time to old age It is of inteiest to note that of 100 specimens 
studied by Yatei and Birkeland, only 2 were fiom the 0-20 year age 
group, hence the conclusion is haidly justified In an} event, the 
increase in extensibility lemains unexplained 

Loss in elasticity fiom matuiity to senescence is consideied to have 
an etiologic factor in (1) fibrosis, (2) loss m muscle tonus and (3) 
degeneration of elastic fibers Since thiee separate histologic elements 
are mvoNed, both quantitatively and qualitatively, the problem becomes 
complex in its vauety of possible combinations leading to the same end 
result An estimation of the relative values of each factoi is possible 
only aftei a caieful analysis of the elongation curve into the sepaiate 
roles of muscle, elastic tissue and collagenous fibers 

Analysis of the elongation curve by the method of comparative 
elastic moduli indicates that the hollow portion of the cune is the region 

From the University of Georgia School of Medicine 

This series of investigations was made possible by grant 469 of the Committee 
on Scientific Research of the American Medical Association 

1 Krafka, J, Jr (cr) Arch Path 23 110, 1937, (b) Am J Physiol 125 
1, 1939 

2 Yater, W M , and Birkeland, J W Am Heart J 5 781, 1930 

3 Wiggers, C J Am J Phvsiol 123 644, 1938 
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of action of muscle and elastic fibeis, while the stiaight line poition 
IS due to the highei moduli of the collagenous fibeis (Kiafka^*) 
Fuitheimoie, normal diastolic and systolic inessuie equivalents fall on 
the hollow of the cuive (Kiafka ’) With these points m mind, it is 



Chart 1 — Scatter diagram showing percental stretch of aortic strips for the 
100 Gm tension level Note the marked decrease with age 

possible to evaluate the relative loles of the tliiee histologic elements 
in the loss of elasticity of the aorta with age 


4 Krafka, J , Jr Am J Physiol , to be published 
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METHODS 

Elongation curves for longitudinal stiips of aoitas secured at 
autopsies were made on the lecoiding seiigiaph as desciibed m a 



Chart 2 — Scatter diagram showing percental stretch of aortic strips for the 
200-100 Gm tension level Note the gradual decrease with age 


pievious papei (Kiafka^'') Fiom these cuives, pei cental extensibility 
foi 100 Gm tension was measuied, and the data lecorded as a scattei- 
giam (chait 1) Measmements were next made for the additional 
extension at fiom 100 to 200 Gin tension, i e , foi the straight line 
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1^01 tion of the cinve These values aie piesentcd m a second scatter- 
giam (chait 2) 

Fiom the scatteigiams seveial facts aic at once appaient 1 Theie 
IS no inciease in distensihihty fiom bnth up to the twentieth yeai 



Chart 3 — Sengrams of standard strips of human aortas 10 cm long and 5 mm 
wide Note the loss of elasticit}" with age 

2 Theie is a giadual loss in elasticity with age thioughout life in {a) 
the hollow portion of the cuite and (&) the stiaight line portion of the 
curve 3 The diffeience, however, is not as inaiked for the stiaight 
line poition of the cuive as it is for the hollow poition of the ciiive 
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The same phenomena aie apparent fiom a comparison of the elonga- 
tion cuives foi the vaiious ages as given m chait 3, and from the data 
111 the table 


RclaHonslnp of Po cental Stictch of 10 Cm Sfnps of Human Aoita at 
Faitons Ages m Man (Nezo Senes) 


Percental Stretch at Given dumber of Granns Prevailing 

Thickness, , * , Blood 


Age, Tr 

Mm 

oO 

100 

200 

200 100 

Pressure 

7 

IS 

39 

51 

75 

24 


20 

26 

35 

51 

04 

13 


31 

26 

20 

32 

42 

10 

275/140 

37 

29 

23 

30 

47 

11 

140/ 90 

37 

1 76 

35 

50 

CO 

10 

290/145 

40 

2SS* 

20 

40 

53 

13 

195/130 

41 

318 

22 

30 

35 

5 

105/ 75 

47 

2 34 

is 

27 

33 

8 

230/160 

48 

2 46 

20 

28 

39 

11 

145/ 83 

00 

2 90* 

20 

28 

35 

7 

200/120 

5o 

2 92* 

24 

30 

4S 

12 

175/ 95 

SO 

2 36* 

10 

14 

IS 

4 

lSO/110 


* The aorta was markedly sclerotic 


COMMENT 

A general loss m the elasticity of the aoita has frequently been 
intei preted as due to an increase in the numbei of collagenous fibers 
This point is significant m my theory of intimal heiniation as the prin- 
cipal mechanical factoi in the production of sclerosis (Kiafka^*) This 
concept, however, lequiies some alteration, since it is at once evident 
that a progressive loss of elasticity in the uppei portion of the cuive 
should not occur unless theie is (1) a definite change in the elastic 
properties of the collagenous fibeis oi (2) a change m the aichitecture 
of the wall A mere increase in the numbei of fibers in itself would 
fail to pioduce the aging effect 

A significant observation of Yatei and Birkeland has a beaiing on 
this point Although they did not recoid their data, they concluded 
that there is no direct con elation between the thickness of the wall with 
age and loss in elasticity The same fact was noted m the present senes 
For example, at the age of 80 years the thickness of the wall was 2 36 
mm , at 55 years, 2 92 mm , at 41 years, 3 18 mm Comparison of the 
elastic moduli shows that loss in elasticity is not primarily due to an 
increase in white fibers 

Another consideration enters the problem Hallock and Benson = 
leported that the volume of segments of the aorta under pressuie of 

5 Hallock, P , and Benson, I C J Clin Investigation 16 595, 1937 
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100 mm of meicuiy incieases with mcicasmg age Thus the volume 
pel centimelei of length at 100 mm piessuie at the age of 20 3 eais is 
2 40, at 50 yeais, 2 60, at 78 yeais 3 20 This lelationship may be 
accounted for on the simple assumption of a iclaxation of the tube clue 
to the failuie of the musculoelastic tissue to maintain its tonus, wdiich 
throws the entiie lecoil lesistancc on the white fibeis This m itself 
may pioduce an actual thinning and at the same time mciease the 
modulus of elasticity Hallock and Benson ‘ consideicd the increase 
m volume to be due to an actual bieakdown and disappearance of the 
elastic fibeis, as established by Zon, but sections of aoita at old age 
still shotv an appieciable amount of elastic fibeis 

Thinning of the aoitic wall has been pieMOUsh postulated on 
theoietic grounds (Kiafka”*) to be an adaptne mechanism whicli, be 
changing the lelationship of the thickness of the wall to the diametei 
of the vessel, attempts to leestabhsh the original elasticity 

The ke} to the anahsis of the pioblem w^as incidentally seemed 
fiom tests of aoitic stiips befoie and aftei putiefaction (Kiafka^*') 
The immediate effect of putiefaction is to deciease the elastic modulus 
But wdien calculations aie made b} the mciemental method that beats 
dnectly on the collagenous fibeis, the distended stiips show the moduli 
of white fibeis In these tests an intact stiip of aorta. 10 cm long, was 
tested and aftei putiefaction foi tw^enty-foui dais, the same strip was 
fixed m the clamps of the seiigiaph at the points of the initial test 
When the stiips w'^eie fastened in the clamps woth an initial state of 
no tension, instead of lelaxed tension, a typical straight line cuive w'^as 
obtained 

Anomalous as it seems, loss of tone by lelaxation of muscle elastic 
tissue thus incieases the elastic modulus and at the same time increases 
the volume 

As evidence that the seiigiaph method is adaptable to this pioblem, 
calculations of the pei cental stielch of the w'-all based on the pressuie- 
volume lelationships of Hallock and Benson ^ give values wdiich aie 
closel}'- compaiable to those for the stietch obseived with equivalent 
tensions on the seiigiam Thus foi the age of 20 yeais the calculated 
stietch foi 200 mm is 32 6 pei cent, while the measured stietch on the 
sengiam is 39 pci cent Foi 78 yeais the total stietch calculated is 
112 pel cent, for 80 yeais on the sengiam it is 5 pei cent 

These lelationships w^aiiant the conclusion of Hallock and Benson 
that in old age the aoita assumes the lole of a capacity chambei for 
the leception of caidiac output without due strain 

If a comparison is now’' made between the respective stretches foi 
the ages 20 and 80 yeais, it w’-ill be seen that piactically the entire loss 
of elasticity of the aoita may be accounted foi on the basis of a relaxation 
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of the musculoelastic elements effectne m the hollow poition of the 
cuiAe Thus the total stietch at 20 yeais is 64 pei cent and that at 80 
yeais is 18 pei cent, with a difteience of 46 per cent This is a close 
appioximation of the stietch at 20 years at 100 Gm , namely, 51 pei 
cent (table) 

A comparison of the 200-100 Gm langes foi the ages 20 yeais and 
80 jeais gives the \ allies 13 pei cent and 4 pei cent, respectively Hence 
the diffeience, 9 pei cent, may be taken as the loss m elasticity due to 
a fibiosis factor This compaied with the 46 pei cent would mean an 
appioximate latio of 1 to 5 Oi stated as a geneiaht}, 80 pei cent 
of the loss m elasticity of the aorta with age is due to failuie of the 
musculoelastic system, 20 per cent, to fibiosis 

In conclusion, the statement may again be emphasized that sclerosis 
and loss in elasticity aie not entirely correlated The aorta may lose 
its chaiacteristic as a lebound tissue without evident scleiosis, and 
localized scleiosis may exist without evident loss m elasticity 

A question is frequently asked as to the therapeutic application of 
the study of elasticity The answer is that the present practice of lest 
m aortic dysfunction is entiiely lational As to medication designed 
to leestabhsh elasticity of the aorta, a seaich should be made foi a 
smooth muscle tonic which at the same time would not affect the tonus 
of the heart 

CONCLUSIONS 

1 Loss in elasticity of the aorta with age lesults fiom two factors 
(fl) distensibilit)', 80 per cent, and {b) fibrosis, 20 per cent 

2 Increase m distensibihty from biith to matuiity is not established 

3 No direct correlation exists betw^een elasticity, blood pressuie, 
sclerosis and thickness of the aortic wall 



SIMMONDS’ DISEASE (PITUITARY CACHEXIA) IN 
AN AGED MAN WITH DEMENTIA PRAECOX 

MYRIELLE M CANAVAN, MD 

BOSTON 

In an autopsy on a man 72 }eais of age, who had died about three 
months aftei fiactuimg a femui, it W’as noted that the subject w’^as 
gieatly emaciated The skin liteially just coveied his bones, and while 
his w^eight had not been lecoided since the injun', he had weiglied 
just pieviously to the mjuiy 138 pounds (62 5 Kg ) The dead body 
would not haie legisteied luoic than 90 pounds (41 Kg) and his 
death had been expected eveij day for six wrecks fiom sheer weak- 
ness, though he had taken food faiil)’’ legulaily 

The patient sufteied from dementia praecox and had been shifted 
iiom one mental disease hospital to a second and then to a thud, w'heie 
he had spent the last tw'entj -eight 3 '^eais being occupied when able, in 
light waid w^oik In Juh 1932 he was put to bed because of edema 
of his legs, and this subsided On August 1 he had m some way fiac- 
tuied his left femui and lemamed m bed, his coloi, stiength and 
weight deci easing until Octobei 20, wdien he died 

The body measuied 178 cm m length, theie was little ban on the 
head, in the axillas oi over the pubis This w^ould agiee wuth Bei man’s ^ 
idea of pituitaiy inactivity, since he stated that the removal of the 
anteiior lobe of the pituitaiy lesults in loss of haii - 

When the pituitary w^as removed and held bj a duial tag m foiceps. 
It lesembled an edematous stung 

The chionic lesions found w'heie hypeitiojdi} of toe nails, enlaiged 
mesenteiic lymph nodes, dneiticula of the jejunum, a few plaques m 
the coionary aiteiies, aoita and basal A^essels, a small, flabby heart a 
laige gallbladdei, a ve/y small stomach (not much largei than the gall- 
bladdei), hj'-peitiophy of the pi estate, atiophy of the testicles and 
thickening of the pia-aiachnoid The acute changes w’heie piessure 
soies on one ankle, fluid in the pleuial cavities and bi onchopneuinonia 

From the Pathological Laborator}' of the Massachusetts Department of ^lental 
Health 

1 Berman, L The Glands Regulating Personality, ed 2, New Yoik, The 
Macmillan Company, 1928, chap 8 

2 I have observed that pubic hair shows marked differences in age gioups 
between puberty and 25 years this hair is often glistening, cuilv and abundant 
After 40 the hair is dryer and more nearly straight, streaks of gray increasing 
with age, until at 90 it is represented by a few thin spears of white haii This 
loss IS more marked in men than in women 
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That he had only mild thickening of the blood vessels and no tubeicu- 
losis 01 malignant giowth to account for the emaciation was of mtei- 
est, therefore the association of this loss of weight with the edematous 
small pituitaiy was unavoidable Coi respondence with the superin- 
tendents of Massachusetts state hospitals hi ought no leports of any 
clinical manifestations of pituitaiy lack in then patients 

In an active pathologic seivice with the Massachusetts Depaitment 
of Mental Health foi ovei twenty ye;^,rs I have nevei seen a pituitai}'’ 
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Fig 1 — Normal pituitary Note numeious sinusoids filled with red blood cells 
There is a suggestion of acinar arrangement The abundant acidophils vary in 
size and in depth of protoplasmic coloring The chromophobes aie with or without 
protoplasm The basophilic cells are large and finely granular, with nuclei often 
eccentric, and show the characteristic vacuole near the nucleus Hematoxylin and 
eosin , X 540 


of similai gloss appeal ance Microscopically, the anteiioi lobe con- 
sisted chiefly of collapsed and dull polychi omatic edematous cells and 
showed many fiee nuclei and shadows of cell outlines The acidophils 
showed marked vacuolation of the cytoplasm, in 50 fields an average 
of 2 solidly granulai acidophils was found Theie was definite paucity 
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of basophils The chiomophohes appealed normal There was no 
mciease of inteistitial tissue, and the walls of the sinusoids weie neaily 
111 apposition 

Silver,® in a leview of the htciatuie to 1933, stated that peisons 
sufifeiing fiom Simmonds’ disease show ceitam chaiacteiistic clinical 
and pathologic featuies Then ages var}' fiom 9 to 69 Then dis- 
ease occurs aftei piegnancy, infection, accidental injury, alcoholism 
or an unknown cause, and the duiation laries fioin seven months to 



Fig 2 — Pituitary of a patient with Simmonds’ disease The collapsed sinusoids 
contain no red blood cells, and there is proliferation of their endothelial lining 
There are no basophils The majority of the cells are vacuolated acidophils 
Hematoxylin and eosm , X 540 

foity-four yeais The)'’ show premature aging, loss of weight, strength, 
libido, teeth, pubic and axillary hair, and atrophy of the genitalia and 
of the jaw Besides these signs, hypotension, hypothermia, eosinophilia 
and anemia are found 

The patient under considei ation tvas 72, his signs came on aftei 
fracture of a femur, and then duration was eleven weeks He pie- 


3 Silver, S Arch Int Med 51 175, 1933 
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sented some of those changes given in Silvei’s leview, namely, cachexia, 
maiked asthenia, loss of pubic and axillaiy hair and atrophy of the 
testicles, and he was very pale His advanced age, in contrast to those 
mentioned by Silver, makes the clinical signs, with the exception of 
the maiked loss of weight, less significant 

The pathologic changes (condensed fiom Silver’s leview) aie 
smallness of viscera and atroph)^ of the endocime glands m some cases 
Changes m the pituitaiy are prominent These include loss of weight 
of the gland and smallness of the gland, with fibrous, cystic, tuber- 
culous or hemorihagic lesions in the anterior lobe The patient con- 
cerned in this leport showed the small stomach, the atiophy of the 
testicles and the marked degeneiation m the anteiior lobe of the 
unweighed gland 

SUMMARY 

The patient was a 72 yeai old man with dementia praecox Maiked 
emaciation occuired after a fiacture of the femur The duiation of 
Simmonds’ disease was eleven weeks Giossly, the pituitary was small 
and edematous Microscopically, collapse of the sinusoids was seen 
as well as varying degiees of degeneration of the cells in the anterior 
lobe, paiticulaily of the acidophils 



PRIMARY AMYLOID DISEASE OF THE MYOCARDIUM 

AND BLOOD VESSELS 

REPORT or A CASE WIT II DEATH TROAI MYOCARDIAL I'AILURE 

CHAPiMAN H BINFORD, MD 
Passed Assistant Surgeon United States Public Health Sen ice 

DETROIT 

The htciatuie lecoids few cases in which death ^\as due to cardiac 
faikne bi ought about In deposition of amyloid in the myocardium 
Keiwin ^ collected 5 cases and lepoited 2 additional cases of his own 
He stated that Wilks,- in 1856, lecoided the fiist case Budd ^ leported 
a case, that of a 75 yeai old man who died of carcinoma of the piostate, 
the heait showed advanced m}ocardial amyloidosis Lai sen, ^ m addi- 
tion to a case obsened b} himself, in which theie was definite m3'0cardial 
failure (included in Kei win’s leview), mentioned a case observed by 
Beneke and Bonning ' that ot a man aged 70 3'eais who enteied the 
hospital in a moiibund condition with a diagnosis of bronchitis , extensive 
am3doid deposition was found in the heart, venae cavae and lungs 

Bannick and his co-woikeis® lepoited dilluse am3loidosis occuiimg 
in a 44 3"ear old man wdio had died of a combination of profound renal, 
adienal and hepatic insufficienc3 In addition to laige amounts of 
atypically staining am3'loid deposited m these oigans and in the spleen, 
the walls of man3'' blood vessels showed acellular h3'^aline matei laPwhich 
w'as stained b3 congo led The m3mcardial muscle cells levealed marked 
atiophy and the stioma w'as inci eased because of naiiou bands of 
h3raline substance, uhich also had an affinit3'’ foi congo red In some 
areas muscle fibeis had disappeared entirel3’’ 

Pnmai3'^ S3'^stemic am3doidosis is a lare entit3’’ In then lecent leview 
Koletsky and Stechei ’’ found 22 recorded cases and added a case 

In the case to be reported, cardiac ain3doidosis appeared to have 
been responsible for m3mcardial failuie and death As theie was no 
othei associated chronic disease, the condition must be classed as piimar3" 

From the Laboratory of the United States Marine Hospital 

1 Kerwin, A J J Lab & Chn Med 22 255, 1936 

2 Wilks, S Guy’s Hosp Rep 2 105, 1856 

3 Budd, J W Am J Path 10 299, 1934 

4 Larsen, R M Am J Path 6 147, 1930 

5 Beneke, R , and Bonning, F Beitr z path Anat u z allg Path 44 
362, 1908 

6 Bannick, E G , Berkman, J M, and Beaver, D C Arch Int Med 51 
978, 1933 

7 Koletsky, S, and Stechei, R M Arch Path 27 267, 1939 
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REPORT OF CASE 

M T C , a white man aged 56, married, a veteran of the Spanish- American War, 
was admitted to the hospital Aug 2, 1938 He had not woiked foi seveial years 
but formerly was emplo>ed as a meat cutter m a grocery store With the 
exception that his mother died of tuberculosis, his family history was not 
significant His personal history revealed that he had had an attack of acute 
bronchitis twent}' years ago He used alcohol m moderation and until five weeks 
before admission had used tobacco He stated that his health had been fairly 
good until about eight months before admission, when he became dyspneic on 
exertion Symptoms had become progressively worse About one month befoie 
admission he had spent ten days m another hospital, wheie a thorough study was 
made, and the attacks of dyspnea were thought to be due to bionchial asthma 
However, based on electrocardiographic studies, an additional diagnosis of anterior 
myocardial infarction (old) was made At the same time he was treated for 
mycosis of the finger nails and toe nails During the month prior to admission 
here theie had been a productive cough, oithopnea and swelling of the ankles 
Physical Examination — The patient was a fairly well developed middle-aged 
man, w'eak, somewhat cyanotic and apparently acutely ill Theie w'ere crepitant 
and coarse lales throughout the cliest and suppression of breath sounds over the 
base of the right lung The heart w'as not enlarged to percussion, the rhythm 
appeared to be tic-tac and no murmurs w'ere heard The blood pressure was 92 
systolic and 78 diastolic The peripheral vessels w'ere thickened and tortuous No 
peripheral edema was present The temperature w'as 37 C and the pulse late 100 
The urine showed a faint trace of albumin, and tbe specific gravity w'as 1 026 The 
Kahn test of the blood was negative The erythrocytes numbered 4,550,000, and 
the leukocytes 9,000 per cubic millimeter The hemoglobin content was 75 per cent 
A differential count revealed 85 per cent neutrophils, 11 per cent Ivmphocjtes and 4 
per cent monocytes Roentgen examination of the chest showed bilateral irregularity 
of the diaphragm due to pleuial adhesions, thickening of the pleura oi the right 
lower region of the chest, thought to be associated with some pleural effusion, and 
compression atelectasis of both lower pulmonary fields The heait was not 
enlarged An electrocardiogram exhibited extiemely low v^oltage throughout 
Com sc — Under a regimen of rest in bed, digitalis and sedation the patient 
temporarily became more comfortable It was soon the opinion of his physicians 
that the dyspnea was due to myocardial degeneration and not to bronchial asthma 
About one month after admission he was allowed to be up for short periods 
Later, however, his dyspnea and nocturnal wheezing returned, his ankles showed 
edema, and a roentgen picture of the chest rev'caled bilateral hydiothoiax Repeated 
thoracenteses were done on alternate sides, with recovery of appioximately 1,000 to 
2,000 cc of clear fluid of a specific gravity of about 1 012 The patient com- 
plained persistently of flatulence and vague precordial distiess Meicurial diuretics 
and ammonium chloride were also administered from time to time Ihe blood 
pressure taken three months after admission was 80 systolic and 60 diastolic He 
became progressively weaker and died March 10, 1939, about seven months after 
his final hospitalization and fifteen months after the onset of seveie s 3 'mptoms 
Autopsy — The autopsy began two and one-half hours post moitem 
Externally the bodj presented no abnormalities with the exception of scahness 
and partial loss of sev'eral finger nails No lesions of the skin were seen 

There was a small amount of clear fluid m the abdominal fossae The pleural 
cavities contained much fluid, that on the left was clear and yellowish, but that 
on the right was turbid and dark red Both cavities showed manv adhesions 
between the visceral and the parietal layer of pleura 




Fig 1 — A, interstitial infiltiation bv hyaline mateiial and deposition of amyloid 
in an arteriolar wall in the left ventricle of the heart, fast gieen (Massons 
method) , X 150 B, higher magnification of A, X 600 
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The heart, which weighed 400 Gm , w<is normally situated in the thorax The 
greatest transverse diameter measured 14 cm There were only a few cubic 
centimeters of pericardial fluid The pericardium appeared normal The right 
ventricle was slightly dilated and the left contracted On section the myocardium 
of the right and left ventricles and intei ventricular septum was firm and its 
color pinkish red The wall of the left ventricle measured 10 mm and that of 



Fig 2 — A, obliterative deposition of amyloid m the walls of small vessels in 
the left ventricle of the heart, gentian violet, X 150 B, amyloid deposits in 
periadrenal arterioles and venules, methyl violet, X 150 C, amyloid deposits 
in thick-v ailed interlobular vessels of the liver, methjl violet, X 90 D, electro- 
cardiogram made Sept 6, 1938 

the right \entricle 2 to 4 mm in thickness The leaflets and rings of the vaiious 
lahes appeared normal The coronary arteries were patent and presented no 
significant sclerotic changes In the right auricular appendage were numerous 
soft friable thrombi 
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The abdominal aorta exhibited a few intinial atheromatous plaques Changes 
in othei levels were minimal The left common iliac artery was plugged bj a 
friable soft gray clot, but the extremilj’- showed no e\idcncc of infarction There 
was occlusion of the branch of the pulmonary aiterv supplying the lower lobe of 
the right lung, w'lth resulting massne infarction A small infarct was also 
piesent in the infeiioi border of the uppci lobe of the light lung The Iner, which 
weighed 1,000 Gm , show'ed centrolobular congestion The right kidnej presented 
several small infarcts There was a single small infarct in the spleen 

The othei organs piesented no abnoimalities While the autopsj explained the 
death on the basis of massive p^lnlonar^ infarction, there w'as no anatomic 
observation to explain the cardiac failure 

IGici oscopic Examinahon — Sections of the left \cntriclc of the heart showed 
significant amounts of opaque amorphous substance deposited in the epicardium 
and myocardium It w'as most conspicuous in the media and peruascular zones 
of the small blood vessels hut also was seen as focal aggregates replacing muscle 
fibers oi as pencapillan thickenings diffuseh spread betw'ceii indnidual fibers 
The muscle fibeis often appeared fragmented, as if being constiicted or choked bi 
the infiltrating substance llie media of the numerous arterioles and \ entiles 
infiltrated by the substance show’cd much thickening and loss of recognizable 
muscle fibeis The lumens of the smaller \cssels were markcdlv stenosed The 
vascular endothelium was pieser\ed 

The substance w'as stained biight jellow bt' Van Gieson’s solution of timitro- 
phenol and fuchsin, pale blue b\ RomanowsM’s stain,® pink b\ heinatoxilm and 
cosm (frozen section), pink b\ Congo red and pale to daik green b} fast gieen 
used instead of light green m a modification of Masson s tiichrome method With 
dilute iodine on fiozen sections, the thickci deposits became pale brown, and after 
exposure to 5 per cent sulfuric acid the color changed to greenish black All 
stains were made on mateiial fixed in solution of formaldehyde, U S P, and 
with the exception of those on frozen sections w'cre on paraffin-embedded material 
With methvl violet and gentian violet the deposits m the walls of blood \essels 
stained the characteristic i eddish violet of amjdoid Ihe fine deposits about the 
individual fibers occasionally showed metachromatic staining Howeiei, with 
the nonspecific stains the interstitial thickening w'as vciv conspicuous This 
infiltrate was stained 3 ellow' bj' Van Gieson’s solution of trmitrophenol and 
fuchsin The staining reactions indicated that at least the denser deposits of 
the substance belonged to the amjdoid gioup, and that term wull be used m the 
descriptions w'hich follow^ 

Sections taken from the interventricular septum the light \entricle and 
the auricles showed similar infiltration by amjdoid In the septum there was a 
little interstitial fibiosis 

The other organs studied, including the lungs, Inei, kidneys, adienals, urmai} 
bladder, prostate, seminal vesicles, spleen, pancreas, tracheobronchial Ivinph nodes, 
thyroid, diaphragm and femoral nerve, show'ed maiked infiltration and thickening 
of the media of arterioles and venules bj"- amyloid Howevei no significant 
amounts w'ere deposited about the sinusoids of the Iner, aiound the glomerulai 
capillaries of the kidne 3 s, between the cords of the adienal cortex and in the 
corpuscles of the spleen The diaphragm show'ed a moderate number of fibers 
W'hich had an opaque appearance, had lost stnations and w'eie i datively acidophil 
There w'as also a little poorl 3 ' defined amoiphous substance betw'een the fibers 


8 Lillie, R D, and Pasternack, J G J Tech Methods 15 65, 1936 
8a Goldner, J Am J Path 14 237, 1938 
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Though the walls of some of the larger -veins exhibited small qantities of 
am 3 loid, the larger arteries showed none except a little deposited m the vasa 
vasorum 

The following diagnoses were made generalized \ascular amyloidosis, cardiac 
vascular and interstitial amyloidosis, with myocardial degeneration , chronic 
passive congestion of the lungs, liver and spleen , infarction of the lungs, kidneys 
and spleen, thrombosis (or embolism) of the left common iliac artery 

COMMENl 

The myocaidial failuie in this case appeals to have been due to 
the obhteiative stenosis of the smallei divisions of the vascular tree 
by the amyloid deposits in their walls The cnculation to the myocaidial 
fibers was furthei impaned by the interstitial deposition of hyaline 
material Though there weie scatteied small nodules of amyloid replac- 
ing muscle fibers, theie was not shown the extensive nodulai infiltia- 
tion of the myocaidium repoited by seveial authois 

In commenting on his case, Lai sen stated that the amyloid was 
ahvays deposited about capillaries and venules of the heart and that it 
was not found m the walls of the coionaiy aiteiies He expressed 
the belief that the necrosis and loss of muscle fibers had been due to the 
obliteration of the capillaries and venules In the piesent case the 
arteiioles and venules were equally affected Arteiiolai obliteration 
veiv piobably caused the development of myocardial failuie and death 
wnthout gloss nodulai amyloidosis of the myocaidium 

The widespread deposits m the w-^alls of the smaller vessels in all 
oigans studied is of interest It is noted that the usual deposition in 
the liver, spleen, adrenals and kidneys did not take place Koletsky and 
Steelier ' emphasized the obseivation that in piimaiy amyloidosis, instead 
of the deposits m the usual oigans, the tongue, heait, stomach, intestine 
and skeletal muscle are most frequently affected 

The hyaline mateiial found enveloping the myocardial capillaries and 
muscle fibers was easily demonstiated by nonspecific stains, but only 
larely did it show any metachiomatic staining chaiactenstics when 
stained by methyl violet or gentian violet Kerwun ^ mentioned the 
difficulty experienced m obtaining typical amyloid reactions m the heait 
m his case and quoted Lubaisch ” as stating that theie may be a failure 
111 usual staining leactions m atypical amyloidosis He also calls atten- 
tion to a difficulty repoi ted b} Smetana m obtaining stains of recently 
lormed amyloid produced experimentally 

SUMMARY 

The case of a 56 yeai old wdiite man who died of myocardial failure 
and caidiac asthma is reported Autopsy showed stenosing amyloidosis 


9 Liibarsch, O A^irchows Arch f path Anal 271 867, 1929 
10 Smetana, H Bull Johns Hopkins Hosp 37 383, 1925 
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of the small coionaiy vessels and mteistitial deposition of a hyaline 
substance in the myocardium as well as geneiah/ed amyloidosis of 
the small aiteries and veins Theie was no associated chionic disease 

Dr W W Nesbit and Dr H R Ostrander, of the United States Marine 
Hospital, Detroit, supplied the clinical data on the case reported, and Dr Edgar H 
Norris, professor of pathology, Wa\ne Universitj’’ Medical School, Detroit, gave 
aid in obtaining the photomicrographs 



WAVE MECHANICS OF SMOOTH MUSCLE ACTION 

XV EXPERIMENTAL MULTIPLE REFLECTIONS BETWEEN INTESTI- 
NAL LIGATURES TRANSFORM TRAVELING INTO STATIONARY 
MICROPRESSURE WAVES IN SMOOTH MUSCLE 

EBEN J CAREY, MD 

MILWAUKEE 

The physical natuie of the microscopic stiiictuial changes asso- 
ciated with the physiologic and pathologic contractions of smooth muscle 
is unknown Excellent observations on fixed material have been 
recorded by McGill ^ and like observations on living isolated smooth 
muscle cells by Margaret and Wairen Lewis - McGill’s description of 
swollen conti action nodes was confiimed b}'- Lewis and Lewis The} 
stated, furtheimore, that the narrow internodal legion in the living cell 
IS under longitudinal tension or stretch The Lewises vere unable to 
observe the nucleai changes within the active conti action nodes This 
was piobably due to the low lefractive index of the nucleus as com- 
pared with that of the active living cytoplasm in the conti action node 
The physical significance, howevei, of the alternate nodes and intei nodes 
m contracting smooth muscle is unknown 

The object of this papei, therefore, is to piesent expeiimental evi- 
dence that points to an associated mio opi essui e zvave mechanics of 
p) otoplasnnc activity msepaiahle fiom the colloidal physical and chemi- 
cal leactions of smooth muscle conti action 

These explosive micropi essui e waves of confined colloidal chemical 
changes underlie both the gross and the microscopic stiuctural displace- 
ment of living muscle protoplasm The absence and the piesence of 
pi essui e waves, therefore, deteimme the vaiiable and leveisible oi 
irreveisible dififeiential spatial distiibution and physical attiibutes of 
both the cytoplasm and the nuclei of smooth muscle during rest and 
motion In lesting smooth muscle these waves are lelatively absent 

From the Department of Anatomy, Marquette Umversit} School of Medicine 

These investigations were earned out with the aid of a grant for research to 
the Department of Anatomy of the Marquette Unnersity School of Medicine 
bv the Committee on Scientific Research of the American Medical Association A 
part of the histologic evidence presented in this paper was demonstrated at 
the April 1939 meeting of the American Association of Anatomists at Harvard 
University (Anat Rec 73 11 and 62 1939) 

1 McGill, C Am J Anat 9 493, 1909 

2 Lewis, M R, and Lewis, W H Am J Phvsiol 44 67, 1917 
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Duiing conti action the colloidal pai tides aie aggiegated in the regions 
of gieatest intensity of the longitudinal wa^es, namely, the /ones of 
condensation The absence and the presence of the two regions of (1) 
nodal compi essional condensation and (2) intei nodal tensional raief ac- 
tion of the longitudinal piessiiie A\avcs deteimine the ie\eisiblc altei- 
ations in the internal stiuctuie fiom the state of lest to that of motion 
1 espectively, of smooth muscle 

It IS the giadient piessuie and powei of supei posed multiple micio- 
scopic tiaveling and o\eilappmg waves of internal compi ession asso- 
ciated with chemical leactions that push the bolus and paitly determine 
the dnectional stabilization in tlie action of smooth muscle This is in 
haimony with the metabolic giadient theoiy of Alvaie/^ legarding the 
dnectional stabilization of motion of the peiistaltic waves of the intes- 
tines The giossly visible propulsne peristaltic w'a\es of the intestine 
aie lesultants of multiple o^erlapplng and miciocompi essional waves by 
algebiaic addition By expeiimentally changing the lesultant tra\eling 
into a spastic stationai}' system of intestinal peiistaltic wa-\es, b} 
multiple reflections and constiuctive intei feience, between ligatures, the 
components of the miciopiessuie w'a\es become separated, fixed and 
oiiented in space The stiuctuial identification of the paits of the micio- 
piessure w'^aves in smooth muscle undei the desciibed expeiimental 
conditions is there foie cleaily evident in histologic pieparations An 
iiieversible, fixed dynamic ileus of the intestinal segments is pioduced 
in these expeiiments 

M ^TERIALS AND MEl HODS 

Sixtj-five etherized guinea pigs, weighing about 250 Gm each, are used in 
these experiments A midhne ventral abdominal incision is made The large 
and small intestines are exposed, w'lth blood suppb intact, and placed between 
gauze sponges saturated wuth Ringer’s solution w'armed to 37 C Fecal pellets are 
genth pushed above and below' the sites selected for encirclement of the large 
intestine wuth tightly tied catgut ligatures placed 1 inch (2 5 cm ) apart At 
variable sites between the ligatures 0 5 cc of Ringer’s solution at 37 C is injected 
into the intestinal lumen in each of fifty segments, in 10 animals , 0 5 per cent 
acetylcholine in 0 5 cc of Ringer’s solution is injected into the lumens of fiftv 
segments, m 10 animals , 0 5 per cent pilocarpine in 0 5 cc of Ringer’s solution 
IS injected into the lumens of fift}' segments, in 10 animals A small crystal 
of barium chloride is placed on the external surface of each of tw'ent}' intestinal 
segments, in 5 animals 

As soon as the opacity indicating intestinal spastic contraction occurs betw'een 
the ligatures, the segment is excised with the terminal ligatures and placed in 
Ringer’s solution at 5 C for ten minutes to stop the active state of the muscle , 
it is oriented and tied on 1 by 3 inch (2 5 bv 7 5 cm ) microscopic glass slides, 
then fixed m a 10 per cent solution of neutral formaldehyde U S P m 20 per 
cent dilution, for tw'enty-four hours Pieces one-half (12 cm ) inch long are 

3 Alvarez, W C The Mechanics of the Digestive Tract, New York, Paul 
B Hoeber, Inc , 1929, p 55 
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dehydrated in alcohol, cleared in xvlene, embedded in paraffin and cut serially 
in both cross and longitudinal sections at 4 to 6 microns The sections arc 
variously stained, but hematoxjlin and erythrosin give good uniform results 

For inactive controls 0 5 per cent atropine m 0 1 cc of Ringer’s solution is 
injected into the lumens of fifty segments, in 5 animals In addition controls arc 
obtained by killing guinea pigs with ether Then the animals are placed m a 
refrigerator at S C for twentj-four hours before the abdomen is opened and the 
intestinal segments excised for microscopic preparation Irritability is therefore 
destroyed before the intestines are handled and placed in a fixative Control 
traveling waves are obtained and fixed b}' injecting subcutaneously 5 cc of 1 pel 
cent pilocarpine m Ringer’s solution at 37 C in 5 etherized animals The abdomen 
IS then opened The entire animal with stimulated intact intestines is submerged 
and fixed in solution of formaldehyde U S P diluted 1 10, for twentN-four 
hours 

The external surface of the exposed intestinal segments between ligatures, 
with blood supply intact, is observed under Ringer’s solution at 37 C m 20 
animals, with the Ultrapac microscope and water immersion lenses The various 
experimental procedures enumerated are repeated Direct observations of the 
peristaltic waves through the serosa are made The direct conversion of traveling 
peristaltic waves into a stationarv system is observed between the intestinal 
ligatures in both the large and the small intestine 

The gizzard of the pigeon is studied in microscopic section m order to 
determine the histologic changes following inactivitv and activitv The inactive 
gizzard muscle is obtained bj killing the bird with magnesium sulfate, 2 Gm 
per kilogram of body weight The birds die in one to three hours after receiving 
the injection They are then placed in the refrigerator at 5 C for twentj-four hours 
prior to fixation The active gizzard muscle is obtained by immersing the gizzard 
in Ringer’s solution at 39 C for ten minutes prior to fixation 


EXPERIMENTAL RESULTS 

The diiect conversion of traveling propulsive peiistaltic wav^es into 
short nonpioductive stationaiy waves of spastic contraction is observed 
with the aid of the Ultiapac micioscope on the external surface of the 
intestinal segments between the ligatures Shortly after the injection ot 
0 5 cc of 0 5 per cent acetylcholine m Ringei’s solution into the lumen 
of the segment short traveling incident waves ladiate both ways fiom 
the site of the injection These fine waves produce localized rhythmic 
conti actions Multiple leflections of the fine ripples occui back and 
forth between the hgatuies 

This is comparable to obseivations made with the unaided eye on the 
external surface of the intestine by Engelmann,'^ Cannon,® Meek,® 
Hyman,' Child,® Alvarez,“ and others Alvaiez used the woid “metabo- 
lism” and the term “metabolic or physiologic giadient” in lefeience to 

4 Engelmann, T W Arch f d ges Physiol 2 259, 1869 

5 Cannon, W B Arch Int Med 8 419, 1911 

6 Meek, W J Am J Phvsiol 24 232, 1911 

7 Hyman, L H Biol Bull 37 388, 1919 

8 Child, C kl Biol Bull 39 147, 1920 
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the diiectional stabilization of the peiistaltic waves in the same sense 
as Hyman' and Child,® i espectively, used them The} aie indicators, 
1 espectively, of the sum of all the eneigy-pioducing and substance- 
pi oducing piocesses and the difteiential rates of chemical change 
between two localities m space Oxidatne processes are eventually 
and ultimately associated with all of the other physical and chemical 
factors m the living piotoplasmic system even though for shoit periods 
ceitain chemical leactions aie anaeiobic in muscle 

There is sudden cessation of intestinal movement when 0 5 cc of 

0 5 pel eent acetylcholine m Ringei’s solution is injected into the 
lumen of a segment of the laige intestine 1 inch long Supei positional 
constiuctive intei ferences of incident and leflected waves pioduce a 
strong tonic conti action When spasticity occuis, the intestinal seg- 
ment immediately becomes opaque and lelatively bloodless The two 
intestinal ligatuies act like miiioi obstacles and cause multiple reflec- 
tions in a confined localized sjiace of the intestinal segment The shape 
of the intestinal segment aftei fluid has been injected into the lumen mav 
be unifoimly cyhndi 1 C, dumbbell, fusifoim oi Indian club shaped This 
shape is dependent on the site and on the lapidity of the injection of 
fluid into the lumen betw^een the two ligatuies Long overlapping con- 
stiictions of the tiavelmg w'ave sjstem aie 1 to 8 mm in length They 
have a lelatively smooth external suiface When they are conveited 
into the stationaiy system of waves, theie is a subdiv'ision into micro- 
scopic waves, which appear as convexities on the external suiface of 
the intestine These fine convexities in the spastic intestinal segments 

1 email! lelatively fixed, and the distance fiom the ciest of one con- 
vexity to the ciest of the next is 10 to 120 micions 

HISTOLOGIC RESULTS 

The innei, closely wound spiial muscle coat (Caiej , ® Reid, Iv^y and 
Quigley IS not as favorable a location in which to observe the histo- 
logic changes of smooth muscle conti action as the outer, open, elongated 
spnal layei The leason foi this is the difficulty of cutting the fibeis 
of the inner layer paiallel to their long axis The muscle fibeis of the 
outer layer are, theiefoie, lelativ^ely moie longitudinal and paiallel to 
the long axis of the intestine The muscle fibeis of the outer layei aie, 
theiefore, lelativ'^ely moie longitudinal and paiallel to the long axis of 
the intestine Cleancut patterns of alternate condensations and laie- 
factions of the cytoplasm and nuclei aie best observ'^ed in longitudinal 
sections of the intestine (figs 27, 28 and 29) as neaily parallel as 
possible to the longitudinal direction of the fibeis in the outer muscle 

9 Carey, E J Anat Rec 21 189, 1921 

10 Reid, P E , Ivy, A C , and Quiglev, J P Am J Physiol 109 483, 
1934 



CAREY— WAVE MECHANICS OF SMOOTH MUSCLE ACTION 325 


layer Since the cutting of the sections in a favorable plane is a tiial 
and eiioi proposition, many thousands of sections must be made and 
studied in oidei to obtain favoiable patterns for lecoid 

Relatively lesting smooth muscle is obseived m cross (figs 1, 8 and 
24) and longitudinal (fig 26) sections of the large intestine In the 
active muscle of the inner coat theie are localized lateral expansions 
designated by ariows in figures 2, 3 and 4 Underlying these expanded 
aieas are irregular alternate dark and light stupes of the cytoplasm 
The oiientation of these stripes is bettei observed m the outer muscle 
layer (figs 27, 28 and 29) In the daik stupe many nuclei are round 
and uniformly deeply stained, wheieas in the light one they are elongated 
and gianular This becomes clear when the outei coat of muscle is 
observed in longitudinal sections of the intestine (figs 27, 28 and 29) 

Attention is especially directed to this histologic evidence in figuie 
29 The nuclei in the dark stupe of the cytoplasm (figs 5, 13, 14, 20, 
21, 22 and 23) aie lounded, oval, dumbbell and aiiow-head in shape 
and deeply stained In the light stupe (fig 29) they are elongated and 
segmented by gianules A single nucleus may have many deformations, 
dependent on the way it sti addles eithei a daik and a light stripe oi 
parts of each stripe of the cytoplasm These differential defoimations 
of the nuclei aie related to the spatial distiibution of the active cyto- 
plasm of smooth muscle into dark and light stupes of condensation 
compression and laief action tension, lespectively The nuclei appeal 
to be passive and are defoimed by the active cytoplasmic pressure waves 
This agiees with the observations of Lewis and Lewis,- who stated 
(p 72) “Within the nucleus, nucleolus or the mitochondria there was 
no change which could be consideied a causal factor of the contraction 
01 lelaxation ” 

The spatial distiibution of the cytoplasmic colloid in contracting 
smooth muscle undei the influence of standing pressure waves is 
depicted in figuies 9, 10, 11 and 12 The transformation of a resting 
medium (fig 15) into a tiaveling (fig 16) and into a standing wave 
system (fig 17) is clearly seen in the lubbei tube expeiiment The state 
of lesting muscle of the innei muscle coat (fig 18) is contiasted with 
the hictologic changes produced by an overlapping traveling (fig 19) 
and a standing sy^stem of waves (fig 20) In the latter system the 
component parts, namely (1) condensation and (2) rarefaction of 
the frozen longitudinal pressure waves, are cleaity evident whereas in 
the formei the histologic pictuie is bluiied b}'’ the overlapping of the 
elements of the wave system The contrasting pictuies of the structural 
changes during smooth muscle conti action m the longitudinal (fig 6) 
and the cross section (fig 7) aie clearly evident The zones of con- 
densation and rarefaction aie striking in the cioss section (fig 7) of the 
inner smooth muscle layei 
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E\i“i \^ATIO^ or FiGURrs 1, 2, 3 and 4 

Parts of the cross sections of the muscle ^\all of the large intestine of the 
guinea pig Figure 1 shows resting inner smooth muscle lajer, X 154 The 
actne inner smooth muscle lajei (figs 2, 3 and 4, X 38 5, 23 and 423, respectiveh ), 
wnth regions of lateral expansion marked wuth arrows, has dark and light stripes 
of the cytoplasm In the dark stripe the nuclei and c\toplasm are condensed bi 
pressure In the light stripe the nuclei and cytoplasm are stretched b\ longi- 
tudinal tension The orientation of the dark and light stripes is better obser\ed 
111 the longitudinal sections of the outer muscle laier (figs 27, 28 and 29) than 
111 the transverse sections of the intestine, which cut the inner, closeh wound 
spiral muscle lajer at a tangent in larious degrees 








328 


ARCHIVES OP PATHOLOGY 


Em’lan \tion' or Figuios 5, 6 and 7 

Parts of cross and longitudinal sections of the muscle wall ot the large intestine 
of the guinea pig Figure 5 shows the lateral expansions of the dark stripe 
marked bj arrows These dark stripe rones are also designated as contraction 
nodes with dark condensed nuclei Ihe lighth stained and rarefied internodal 
regions under stretch ha\c elongated granular nuclei and fibrillated c\toplasm 
The various deformations of the nuclei are clearh eMdent in both figure 5 (X 423) 
and figure 6 (X 423) Figure 7 sliows a longitudinal section of the large intestine 
of the guinea pig, X 423 The outer la\cr to the left is rclatneb at rest and 
cut in longitudinal section The larger region to the right is the inner muscle 
lajer cut in transverse section The dark cjtoplasm and nuclei are in transverse 
section through the condensed contraction node The lighter regions are in 
transverse sections through the rarefied internodes of the inner muscle laver of 
the large intestine 
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E\riAX\TioN 01 Ficturs 8, 9, 10, 11, 12, 13 wn 14 

Parts of cross sections of the muscle wall of the large intestine of the guinea 
pig Figure 8 show's resting inner smooth muscle lajer, X 231 Figures 9, 10, 
11 and 12 are diagrams of the changes m shape of the particles of the muscle 
colloid from the resting condition to that ot active contraction under the influence 
of longitudinal pressure w-aves inscparabh associated with the colloidal chemical 
changes during muscle contraction The zones of eondcnsation and rarefaction are 
the parts of each longitudinal w'avc of compression within the muscle Figures 
13 and 14 (x 231, x 538 5) represent trans\crse sections through parts of the 
muscle coat of the large intestine showing the spatial distribution and deiormation 
of the citoplasm and nuclei into longitudinal pressure wa\cs with a dark stripe of 
condensation and a light one of rarefaction 
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E\PL\^AT 10 ^ or Figlres 15, 16, 17, IS, 19 am) 20 

Figure 15 shows a \\a\c appaiatus This demonstration model of trans\erse 
waie motion consists of a fle\ible rubber tube, 6 feet (183 cm ) long, stretched 
horizontallj and supported bv twent} cross aims (Caievi-) Fach cioss arm is 
connected to a ball bearing mounted on a long steel sliaft around which the cross 
arms are free to oscillate in eertical planes The itibbcr tube is loaded with shot 
and balanced by countei weights attached to the bach end of eaeh cioss arm The 
lubber tube as a tiansmission medium of eibration is at rest Figure 16 shows 
the rubbei tube c\perinientallv actuated bj the motor on the left The end of the 
tube at the right is free to oscillate This freedom of motion produces a tra\ehng 
system of waves The traiehng w’aees pioduce an oeerlapping of paits, w'lth 
lack of cleancut definition of nodes and internodes Figure 17 shows the rubbei 
tube experimentally activated by the motor wdiich is on the right The end ot 
the rubber tube on the left is fixed Multiple reflections from the fixed end pi oduce 
a standing system of w'a\es by supei position and constructne interfcience with 
definitely cleancut nodes and internodes The micropressure wa\cs in the intestine 
are dominantlj' of the longitudinal tjpe Figuies IS, 19 and 20 show parts of 
cross sections of the muscle w'all of the large intestine of the guinea pig Figuit 
18 represents the resting inner smooth muscle layei (X231), figure 19, a fixed 
traveling system of contraction waves originally free to tra\el but now “fiozen,” 
W'lth overlapping of nodes and mternodes in the inner smooth musck laiei of 
the laige intestine (X231), figure 20, stationaij' pressure w’a\es transformed 
between intestinal ligatures from a traveling S 3 'stem of peristaltic w'aves, (X 231) 
A “frozen” system of waves consisting of condensed nodes and rarefied intei nodes 
are more defimtelj separated, oriented and fixed in space than those of the traveling 
sj'stem illustrated m figure 19 This is appaiently an interference phenomenon 
which may be experimentally produced in muscle and which is comparable to that 
in the rubber tube, in the conversion of a traveling into a standing system of w'a\es 
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Explanation of Figurhs 21, 22 and 23 

Parts of cross sections of the muscle wall of the large intestine of the guinea 
pig Figures 21, 22 and 23 (all X 769) illustrate cleail> the variable deformations 
of the nuclei m the zones of condensation and raiefaction The nuclei are round, 
oval, tapering or compressed, and densely stained m the zone of condensation, v Inch 
IS the dark stripe The zone of rarefaction is the lightly stained region In 
the rarefied zone the nuclei are greatly elongated, stretched and granular In 
figure 21 there are three nuclei at the right end of the dark stripe of condensation 
which are of dumbbell shape In the centers of these nuclei there is a blconca^e 
condensation, very deeply stained The ends of these same nuclei are globular 
lightly stained and granulai The ^allOus changes m sliape of the nuclei aie cleaih 
evident m these various figures The cjtoplasm appears to be the region of 
dominant activity in smooth muscle conti action The nuclei are relative!} passu eh 
deformed by the two components of the contraction citoplasmic waie, nameh (1) 
the condensed contraction node and (2) the tension mternode 
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V 


Explanation or Figurls 24 and 25 

Figure 24 shows inactive muscle of the gizzard of the pigeon, (x 269) 
Experimentally it has been placed m a state of extreme mactnity by dehjdration 
through an injection of magnesium sulfate, 2 Gm per kilogram of the body i\ eight 
of the pigeon There arc no contraction waves with zones of condensation and 
rarefaction Figure 25 shows a section of the gizzard of the pigeon wdiich was 
placed in Ringer’s solution at 39 C foi ten minutes prior to fixation, (X 269) 
Zones of nodal condensation and internodal raiefaction of contraction w'arcs are 
clearly evident These micioscopic w'a\es are histologic indicators of the djnaniic 
state of the muscle protoplasm There appears to be a correlation between the 
number of these waves and the rate ot the chemical leactions associated with 
muscle contraction and under the regulation of tempciatuie 
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E\i'i \NATio\* or riGLKns 26, 27, 28 \m) 29 

Parts of longitudinal sections of the muscle wall of the large intestine of the 
guinea pig Figure 26 shows resting outer smooth muscle la\ei (x 269) Figuie 
27, stationarj pressure wa^es expenmcntallv produced m the outei smooth muscle 
lavei (X 269) The con\e\itics ot the outer w'all o\erhmg the contraction nodes 
of pressuie condensation and the concaMties related to the tension mtei nodes under 
stretch are clearlj evident Figmes 28 and 29 (X d61 5, X 846) illustrate clearly 
the chaiacteristic deformations of the nuclei and cytoplasm in the zones of con- 
densation and raiefaction of the stationary longitudinal pressuie waves associated 
yvith the physicochemical changes of spastic muscle contraction The nuclei are 
dark, rounded, pjknotic and condensed in the dark stripe zones of condensation 
The cytoplasm is likeyynse clearly condensed and deeply stained m the zones of 
condensation, called at the present time the contraction nodes The lightly stained 
tension internode has rarefied cvtoplasm wdiich is definitely fibrillated This intcr- 
nodal region is under a longitudinal tension or stretch The nuclei are elongated 
and granulai in this internodal zone of stretch The nuclei appear to be passnely 
deformed bv the tyyo parts of the yvay^es of internal compiession inseparably asso- 
ciated yyith the colloidal physicochemical changes of smooth muscle contraction 
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E\pl\xation or FiobRns 30 and 31 

Figure 30 shows progiessne movements and distribution of the particles of a 
medium traversed by a single wave traveling from right to left The lertical lines 
m each low repiesent plane surfaces seen edgewise, which \\eie equidistant in tlie 
undistuibed medium The same medium always remains between the same two 
planes The successive rows 1 to 13 represent successive stages of a movement 
in w'hich each of the vertical lines vibrates haimomcally a specific distance to 
right and left of a fixed point Each line of a row from above dowmward and 
fiom right to left is a little hehmd the line to the right of it m its mo\ement The 
mean positions of the lines are equidistant, but the lines themsehes aie at am 
one instance of time closer in some places and farther apart in others These 
conditions are found farther to the left at each successive stage of the motion 
It any one line is traced, by the dotted lines, from one row' to another, it w'lll be 
seen that when movement is to the left, i e , in the same direction as the traveling 
wa\es of condensation and rarefaction, the line is nearest to its neighbors When 
the line is moving fastest to the right it is in the most rarefied region 

Figure 31 is a diagram of movements in successive periods of time in the same 
medium tiaversed by stationary undulations The ^ertlcal lines in row's 1 to 13 
lepresent plane surfaces seen edgewise These are equidistant in the undisturbed 
medium The same medium is alwa}s between the same tw'o vertical lines The 
lines vibrate harmonically about their mean positions, those at the antinodes (A) 
have the greatest amplitude of vibiation, and minimum pressure and temperature, 
those at the nodes (N) have zero amplitude, and maximum pressure and tem- 
perature They all cross their mean positions togethei, but those on opposite 
sides of the same node are moving in opposite directions In successive lines it 
IS apparent that the medium shuttles backward an 1 forward betw'een relatnely 
fixed planes, the nodes 

The fundamental spatial and temporal differences m the distribution of the 
particles of the medium when the latter is traversed by eithei a progiessive 
traveling or a stationary sj'stem of waves are herein schematized In the tra\ehng 
wave all paits of the medium move the same distance but at different times In 
the stationaiy system of waves all parts of the medium move at the same time 
but different distances Differences in phase and amplitude of stationary waves 
are reflected in the distribution of the particles of the medium through different 
distances (Diagrams modified after Catchpool Textbook of Sound, London, 
Clive, 1917) 
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The daik stupe legion ol c}toplasniic condensation has tlic lollowing 
micioscopic cliaiactenstics (1) anisotiop} , (2) piescnce ot inoiganic 
ash (Caiey and Zeit , (3) comjjiession of cytoplasm with close 
packing of colloidal paiticles, (4) lonnding, defoimation and com- 
piession of densel} stained nuclei, (5) lateial expansion of cytoplasm 
The light stripe legion of laiefaction is chaiacterued by (1) isotiopy, 
(2) lelative lack of ash (Caic) and Zcit ^') , (3) laiefaction of loosely 
packed and lightly stained muscle colloids with hbi illation by stietch 
Ol tension, (4) sti etching of gianulai nuclei to almost foui times the 
length of those in the daik condensed stupe, (5) longitudinal tension 
of cytoplasm 

In the laige intestine of the guinea pig the isolated group of the 
contiaction weaves that loim a lateial expansion of the intestine seldom 
extend entiiely aiound the cncumfeience ot the intestine (fig 2) In a 
tla^ehng peiistaltic Ava^e the c)toplasm of the cell ma} be eithei total!) 
Ol paitiall)^ undei contiaction 

The aveiage of fi^e bundled measuiements of the nuclei in inactne 
smooth muscle is 51 micions long and 9 micions ivide The aveiage 
of five bundled measuiements of the nuclei in the zone of condensation 
of spastic contiaction of smooth muscle is 18 micions long and 15 
microns ivide The aieiage of file bundled measurements of the 
nuclei in the zone of laiefaction of spastic contiaction of smooth 
muscle IS 65 micions long and 5 micions wide Theie aie theiefoie an 
increase in the length and a dcciease in the wudth of the nuclei in the 
zone of laiefaction oi stietch, and a dcciease m length and an inciease 
in wudth of the nuclei in the zone of condensation oi piessuie of smooth 
muscle in spastic contraction, o\ei the measuiements of the nuclei ot 
the inactive muscle 

The inactive smooth muscle of the pigeon’s gizzaid (fig 24) is con- 
tiasted wuth the active one (fig 25) The miciopiessuie weaves in the 
active gizzaid muscle aie an index of the raised level of the dynamic 
state, Ol of an acceleiation in the chemical changes of metabolism 
undei the influence of an elevation in the tempeiatuie The acceleia- 
tion in the late of chemical leactions caused by the elevation m the 
tempeiatuie is accompanied b) an inciease in the numbei of micio- 
piessuie weaves, histologically evidenced by the close pei iodic spatial 
distribution of the cytoplasm into alternate condensed (daik) and 
laiefied (light) stripes and corresponding defoimations of the nuclei 

The fundamental spatial and temporal diffeiences m the distnbution 
ot the particles of the medium is schematized in figuie 30, tia^eised 
by a traveling wave, and in figure 31, tiaversed by a standing oi station- 
ary system of waves In the tiavelmg w^ave all paits of the medium 


11 Care^, E J, and Zeit, W Proc Soc Exper Biol S. T^Ied 41 31, 1939 
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move the same distance at dififeient times In the stationai} S}stem 
of waves all paits of the medium moAe at the same time but difteient 
distances Differences m phase and amplitude of stationaiy wares are 
leflected m the distiibution of paiticles of medium thiough difteient 
distances 

COMMENT AND SUMMARY 

Experimental micioscopic e\idence is presented of changes in the 
differential spatial distiibution, defoimation and physical, mechanical 
and staining qualities of the cytoplasm and nuclei during smooth muscle 
contraction Stationaiy intestinal waves, expei imentall} transfoimed 
from traveling wares, are similar to those of inanimate matter in asso- 
ciation with phase diffeiences of stationaiy transveise oi longitudinal 
pressure w’^aves, such as sound oi supersonic waves (Caiey^“) The 
number of micropiessure waves associated rvith the colloidal chemical 
changes of active protoplasm confined in a relatively constant volume 
appears to be an index of the dynamic state, or metabolic activity of 
smooth muscle during contraction 

The variable leveisible lates of the chemical leactions in smooth 
muscle during rest and motion appear to be associated rvith vaiiable 
rvavelengths of the miciopressuie rvaves The increased momentum of 
smooth muscle motion has a complementary group of waves of micio- 
pressuie The wavelength inversely coi responds to muscle momentum 
When there is a greater degree of muscle momentum and frequency of 
colloidal chemical change, there is a corresponding shortening of the 
wavelength, rvith a finer cytoplasmic grating of dark and light stripes 

In experimental stationary rvaves produced betrr^een tw^o ligatures 
around the intestine alternate dark and light stripes occur m the smooth 
muscle cytoplasm The dark stupe is the compression contraction 
node, the light one the tension internode of one complete contraction 
rvave This “frozen” structural expression of this immaterial con- 
traction ware of change is demonstrated microscopically m this paper, 
for the first time, to have the physical attributes of a longitudinal rvave 
of compression The colloidal chemical reactions of both aeiobic and 
anaerobic metabolism are associated rvith a micropressui e rvave- 
mechanics of protoplasmic activity of smooth muscle contraction These 
explosive micropressure rvaves undeilie the physical changes of proto- 
plasmic activity Physical confinement and degree of constructive 
interference determine the microscopic definition and oiientation of 
these microrvaves The frequency of the oscillating colloidal particles 
that radiate the rvaves is associated rrith the rates of the phrsical and 
chemical changes of the acti-ve crtoplasm The size of the colloidal 

12 Cire\ E T A.m J ^nat 59 175 1936 
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pai tides that detei mines the fiequency vanes with the diemical change 
The site of active conti action is the cytoplasmic micropiessure waves 
The nuclei aie lelatively passive and undeigo defoimation by the com- 
ponents of the micioscopic waves of longitudinal pressure 

According to the gieat Fiencli physicist Louis de Broglie, it seems 
to be definitel}^ established that both mattei and light have two aspects 
Each may be regarded either as a wa\e oi as a substantive corpuscle 
Both mattei and radiation, therefore, have a dual nature 

The conclusion is made in this papei that the cjtoplasmic living 
mattei of smooth muscle is not only composed of colloidal pai tides but 
that these in action aie distiibuted m a manner that stiucturally 
expresses underlying associated inici opressui e iiaves The living mat- 
ter of the cytoplasm of smooth muscle, theiefoie, seems to have two 
aspects, namely (1) colloidal particle and (2) the associated micro- 
piessure wave 

Mr Leo Massopust assisted with the photomicrographs 

13 de Broghe, L Matter and Light, New York, W W Norton &. Company, 
Inc, 1939, p 48 



CAPILLARY RUPTURE WITH INTHIAL PIEMOR- 
RHAGE IN THE CAUSATION OF CEREBRAL 
VASCULAR LESIONS 


J C PATERSON, MD 

OTTAWA, CANADA 

Capillaiy rupture with intimal hemoirhage in i elation to the pie- 
cipitation of coionary thiombi has been described in detail elsewheieO 
the obseivations lepoited there, and in pait the conclusions, have been 
confirmed and elaborated on by Waitman,^ by Winteinitz and his 
co-workers ® and by others It has been shown that intimal hemoi - 
rhages lesult from the ruptuie of capillaiies derived from the aiteiial 
lumens, not from the backflow of blood through intimal defects as 
was pieviously thought Because intimal hemoi ihages aie a common 
finding at the sites of pi ecipitation of coionary thiombi, it appeals faiily 
certain that the two lesions aie cause and eftect Recently I have sug- 
gested that pulmonary thiombi may sometimes be piecipitated by similar 
intimal hemorrhages * 

The purpose of the present papei is to describe intimal hemoi rhages 
due to capillaiy ruptuies in scleiotic ceiebial arteiies and to discuss 
the relation of these hemorrhages to certain cerebial vasculai lesions, 
namely, arteiiospasm, thrombosis and ceiebial hemoi ihage 

MATERIAL AND METHOD 

Most of the material for this study was obtained at autopsies on 6 patients 
who had shown clinical signs of cerebral thrombosis When the thiombus was 
identified on gross examination, the affected segment of the artery was embedded 
in one or more blocks and sectioned serially at intervals of about 100 microns 
When the thrombus was not evident on gross examination, the entire involved 
artery was cut into short segments, and these weie embedded m bundles and sec- 
tioned serially at intervals of about 100 microns When lesions of interest were 
noted on microscopic examination, the intervening sections were mounted and 
stained In case 1 all of the cerebral arteries and their main branches were 
studied by serial section, the “bundle” method being used Most of the sections 
were stained with hematoxylin and eosin, but occasionally Perle’s stain and 
Masson’s trichrome light green stain were used 

From the Department of Pathology of the Ottawa Civic Plospital 

1 Paterson, J C Arch Path 22 313, 1936, 25 474, 1938, TAMA 
112 895, 1939 

2 Wartman, W B Am Heart J 15 459, 1938 

3 Winternitz, M C , Thomas, R M, and LeCompte, P M The Biologv 
of Arteriosclerosis, Springfield, 111 , Charles C Thomas, Publisher, 1938 

4 Pateison, J C Am Heart T 18 451, 1939 
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The lemainder of the material was obtained from the department of neuro- 
pathologjf of the Unneisity of Toronto uith the aid of Pi of Eric Lmell It 
consisted of 3 hemoirhagic lesions of the cerebral arteries, each from a different 
case Two were from the basilar aitciv, and the third was from the left middle 
ceiebial aitcn The lattei was studied by partial serial section 

OUbI R\ AllONS 

Intimal hemoiihages of sdeiotic ceiebial ai tones ha\c been found 
both tvitli and wnthout tlnombosis of the adjacent aiteiial lumens The 
hemoiihages weie similai m all lespects to those described m scleiotic 
coionaiy aiteiies Seiial section thiough seveial of them showed the 
hemonhage to be confined to the deepei layeis of the thickened intima, 
the mote supeificial intimal layeis and the endothelium being intact 
(fig 1 A) The intimal hemoiihages weie obsened onl}’^ m areas of 
atheiomatous degeneiation In man) instances small capillaries lay in 
pioximity to the extiavasated blood and to the lumen of the arteiy 
Seiial section sho^^ed these capillaries to aiise fiom the arteiial lumen 
(fig 15) Frequently, m individual cases, intimal hemoirhages were 
multiple in the ceiebial aiteiies, and sometimes similar hemorrhages 
were found as tvell m othei aiteiies of the musculoelastic type For 
example, in 1 case theie was an intimal hemonhage at the site of 
thrombosis in a middle ceiebial aiteiy, 11 othei intimal hemorrhages 
111 laiious paits of the cerebral cii dilation, a laige intimal hemorrhage 
lesembling a localized dissecting aneurysm m the abdominal aorta and 
an intimal hemorrhage of the right coronary aiteiy which produced 
stenosis of the lumen 

Certain possible sequelae of intimal hemoiil\iges in sclerotic cerebial 
aiteries weie suggested in the series In the fiist place, 1 case pie- 
sented an interesting association of symptoms lesembhng cerebial 
artenospastic attacks, and at autopsy multiple intimal hemoiihages of 
vaiying ages weie ohseived in the ceiebral aiteiies A summaiy of the 
history of this case follows 

Case 1 — A 63 year old, obese woman, known to have had diabetes melhtus 
and hypertension for three years, complained of frequent headaches, fatigue, 
defective memory and numerous falls over the same period of time Most of the 
falls occurred when she tripped over some object, but she had also fallen for no 
apparent reason when walking on level ground She had fallen downstairs three 
times She was admitted to the hospital with signs and symptoms of cerebral 
a’^lerial thrombosis The blood sugar on admission w'as 314 mg pei hundred cubic 
centimeters, and the blood pressure was 178 systolic and 118 diastolic Forty-five 
days later she died with signs of bronchopneumonia 

The principal abnormalities noted at autopsy were atrophy of the pancreas 
with fibrosis of the islets of Langerhans, marked atherosclerosis of the aorta, 
coronary and cerebral arteries, multiple intimal hemorrhages of the aorta, coronarj'’ 
and cerebral arteries, thrombosis of a middle cerebral artery, softening of the 
right parietal lobe of the brain, thrombosis of the femoral veins and pulmonary 
embolism 




Explanation of Figlre 1 

A, photoinici ograph of one of the intinial hemorrhages m case 1 The hemor- 
ihage lies close to the media in the outer zone of an atheromatous focus Hema- 
toxylin and eosm , X 45 

B, photomicrograph of one of the main cerebral arteries in case 1 showing a 
capillary arising from the arterial lumen and traversing the thickened intima 
Hematox>lin and eosin , X 45 
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Each of the coionarj' arteries showed numeioiis points of stenosis due to the 
presence of atheromatous plaques The right coronary aitery, at a point 6 cm 
fiom its origin, was almost completely stenosed by a plaque into which massive 
hemorrhage had occurred The aorta was also markedly atherosclerotic and 
showed numerous points of intimal erosion Underlying an erosion m the 
abdominal aorta was a laige intramural hematoma, measuring 4 cm in diameter 
The main branches of the ceicbial arteries showed gross evidence of athero- 
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Fig 2 — A low power photomicrogiaph of a thrombosed cerebral arterv^ A 
small intimal hemoirhage (shown by the arrow) lies close to the oldest part of 
the thrombus Hematoxylin and eosin , X 20 


sclerosis with numerous points of stenosis Projecting from the outer surface 
of the left posterior cerebral artery was a reddish brown rounded mpple-like 
mass, measuring 3 mm in diameter Two similar hemorrhagic lesions were noted 
on the outer surface of the right posterior cerebral artery These 3 hemorrhages 
were embedded separately and sectioned serially The remaining portions of the 
P'"incipal cerebral arteries vv^ere cut into short segments, embedded in bundles, and 
sectioned serially at intervals of 200 microns 
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Microscopically, 12 intimal hemorrhages, including the 3 noted on gross 
examination, were found in various parts of the principal cerebial arteries Each 
hemorrhage had occurred into an area of atheromatous degeneiation Occasionally 
tlie lumen appeared to be stenosed by the hemorrhage Many of the intimal 
hemorhages lay in the outer zones of the thickened intima, in contact with the 
media (fig \ A) The hemorrhages varied in age, some consisted of intact red 
cells, while in others the red cells had disintegrated, and stainable iron was piesent 
One artery with an outside diameter of 2 5 mm showed almost complete stenosis 
of the lumen by atherosclerotic thickening of the intima, recent hemorrhage into 
the outer zone of the intima and complete occlusion of the lumen by thrombus 
material of fairly recent formation Capillaries lay in pioximity to several of 
the intimal hemorrhages, and in 1 instance serial section showed one of these 
capillaries to arise fiom the lumen of the arterv Sections thiough the intimal 
hemorrhage in the right coronary artery showed maiked stenosis of the lumen by 
an atheromatous plaque in which there was a large amount of hemorrhage, con- 
sisting of disintegiating red cells and yellowish pigment The hemorrhage was so 
massive that it had obviously compressed the alieady stenosed coionary lumen 
Sections through the intramural hematoma of the abdominal aorta showed the 
hemorrhage to be confined to a laige intimal atheioma Numbers of capillaries 
lay between it and the endothelial lining 

Six cases of ceiebral thiombosis have been studied to date The 
thrombosed segments of the aiteries weie sectioned senally throughout 
their length Intimal hemoiihage was found at the point of thiombus 
precipitation in 4 of the 6 cases When paits of a single thiombus 
varied in age (as determined b}'^ the amount of oiganization), the oldest 
part was attached to the arteiial wall close to an intimal hemoirhage 
(fig 2) Both the thiombi and the intimal hemorrhages were of recent 
oiigm in 3 of the 4 cases, while in 1 case the thiombus was oigainzed 
and the intimal hemorihage largely conveited into pigment In this 
case theie was also an oigamzed thiombus with an old intimal hemor- 
rhage in the light coronary artery, as well as a number of fresh intimal 
hemoirhages in both branches of the left coronary aiter}'^ Each of the 
cerebral thiombi which w'^eie associated with intimal hemorrhages had 
foimed at a point of stenosis of the lumen of the artery Capillaries 
lay in proximity to the intimal hemorrhages and to the aiteiial lumens 
in several cases 

Finally, a case has been observed m which an intimal hemorrhage 
had ruptured through the medial coat of the artery and leaked into and 
through the adventitial fibers (fig 3) A summary of the history and 
the observations at autopsy in this case follows 

Case 2 — A 72 year old man gave a history of senile mental deficiency, poor 
memory and inability to move the left arm for many years Just before admisson 
sv'elling of the feet and ankles developed, with breathlessness on the slightest 
exertion The blood pressure on admission was 150 systolic and 90 diastolic, but 
later it rose to 184 svstolic and 100 diastolic Signs of bilateral bronchopneu- 
monia developed and the patient died about two w'eeks after admission 
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The piincipal obsei\ aliens at aiitopsj were confined to the hi am aiid meninges 
The dura niatei co\ ei mg the innci sin lace of tlie convexity of the left cerebral 
hemisphere was thickened up to 2 mm b} a deposit of orange-brown old blood 
pigment covered by a smooth shining membrane The large arteries at the base 
of the brain show^ed marked atherosclerosis The left middle ceiebral artery at a 
point just beneath the tip of tlie temporal lobe was markcdlj'^ sclerotic oier a 
distance of about 1 cm , and oi cr most of tins area the w'all of the i essel was 



Fig 3 — Photomicrcgi aph of a cerebral arterj’’ in case 2 m wdiich a laige 
intimal hematoma has broken through the media and invoh es the adventitial 
coat Hematoxylin and eosin, X 18 

distended In one segment of the sclerotic patch there was a nipple-like projection 
of the adventitial coat, the outer layers of which w'ere stained wnth old blood 
pigment Examination of the brain tissue revealed bilateral internal hydrocephalus 
of the lateral ventricles, and a cystic defect, measuring 1 cm m diameter, of the 
W'hite matter overlying the roof of the posterior horn of the right lateral ventricle 
One half of the mpple-hke pi ejection of the left middle cerebral arterj^ w'as 
sectioned serially at intervals of 8 microns 
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Microscopically, the pi ejecting mass on the left middle cerebral aitery was 
made up of a large hematoma consisting of both fresh and old hemorrhage The 
hemorrhage lay for the most part in the outer half of a large atheromatous 
plaque of the intima, but in some of the sections it had broken through the media 
and lay among the adventitial fibers (fig 3) A thick laj^er of dense fibrous tissue 
separated the intimal hemorrhage from the lumen of the aitery No intimal 
capillaries were noted in the sections studied 


COMMENT 

Intimal hemoiihages m scleiotic cerebral aiteiies aie identical in 
stiucture with those described pieviously in athei osclei otic plaques of 
human coionary arteries They occur only in atheromatous foci, and 
they aie intimately related to capillaiies which arise fiom the aiteiial 
lumens It is generall}'^ admitted, now, that intimal hemorrhages of the 
coionary arteiies are intrinsic lesions resulting from the ruptuie of 
capillaiies which are derived from the lumens of the mam aiteiies It 
may be assumed that intimal hemorrhages of the cerebral arteries are 
produced in a similar manner This assumption is suppoited by the 
fact that coionaiy and ceiebial intimal hemorrhages are not infre- 
quently found in the same patient, a fact which suggests a common 
etiologic agent 

Likewise, the precipitating factor of thrombosis in sclerotic cerebral 
arteries appears to be the same as that in thrombosis of the coronal y 
arteiies I have desciibed elsewhere^ the common finding of intimal 
hemorrhages at the points of piecipitation of coronary thrombi, and 
this has been confirmed by others® To date, 47 cases of coronal y 
thrombosis have been studied by fairly exhaustive methods, including 
serial sections m many instances, and in 41 cases intimal hemorrhage 
was found at the site of precipitation of the thrombus The common 
association of intimal hemorrhages and coronal y thrombi m a senes as 
large as this and the confirmatoiy evidence of others eliminate the 
possibility of this association being coincidence Because intimal hemor- 
rhage often occurs without thiombosis of the adjacent arterial lumen, 
such hemorrhages cannot be regarded as lesultmg from the presence of 
the thiombi One is forced to the conclusion, therefore, that most 
coionary thiombi are precipitated either by the intimal hemoirhages 
pioper or by other lesions that result from the ruptuie of intimal capil- 
laiies The same conclusion must be leached in regard to thrombi in 
ceiebral aiteiies Although my series is small the intimal hemoirhages 
found at the sites of precipitation of 4 of 6 cerebral thrombi weie 
identical in all respects with those observed in coionary arteries 

A ceitain amount of evidence has been collected to show that other 
ceiebral vasculai lesions besides thiombosis may be related to intimal 

5 Fmkelstein, L, and Horn, H Personal communication to the author 
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hcmoiihages Of paiticulai interest is their i elation to ai tei lospastic 
attacks in h}pei tensive persons as suggested in case 1 in this senes 
The clinical signs of cerebral aiteiiospastic attacks ovei a peiiocl of 
foul yeais in this case and the postmoitem observation of 12 distinct 
intimal heinoiihages of vaiying ages in the largei ceiebial arteiies sug- 
gest that they were related Many of the hemoirhages lay at the outer 
boideis of atheiomatous plaques in pioximity to the media (fig lA), 
and It IS leasonable to suppose that the sudden disruption of tissue by 
the hemoirhages ma)^ have set up tiansient spasms of the muscle coat 
The obseivations of otheis tend to conliim this hypothesis The walls 
of ceiebial aiteiies are known to be supplied by vasomotor fibers, and 
local spasm due to local mjuiies oi influences definitely occurs Sticking 
the adi entitia of a pial arteiy with a blunt instiument at opeiation causes 
spasm of that pait of the vessel'* Also, injunes to aiterial walls aie 
known to cause pain Wateiston” found that the contact of the point 
of a needle with the vail of an aitery elicited sharp pain, and when 
the needle point was pushed into the wall a pecuhai sickening pain, 
associated with nausea and faintness, resulted Feihng,® and Aring and 
Meiiitt'’ commented on the fiequency with which ceitain prodromal 
S}mptoms occui in patients with ceiebral arteiial thrombosis The 
symptoms consist of headache, dizziness, transient wealniess of one oi 
both limbs or of one side of the face, temporal y aphasia and other 
s}mptoms Sometimes slight hemiplegic weakness may appeal and 
lapidly vanish, to be followed a few days latei by se^ele hemiplegia 
It IS possible that these piemonitoiy symptoms in ceitain cases, includ- 
ing pain in the head, aie due to aiteiiospasm fiom irritation by the 
intimal hemoiihages which piecede and apparently cause ceiebral thiom- 
bosis It must be admitted, however, that attempts to demonstiate 
neiA^e fibers in the actual aiea of intimal hemoirhage have as }et been 
unsuccessful 

Equally hypothetic is the i elation of intimal hemoiihage to ceiebial 
aiteiial luptuie An accidental finding in a case in my senes was a 
laige intimal hematoma of a middle ceiebral aiteiy which had bioken 
thiough the thin medial layer and lay between the adventitial fibeis 
(fig 3) It IS possible that a true intracranial hemonhage would have 
occuried in this case if the piocess had continued Cases of classic 
cerebial hemonhage due to luptme of the lenticulostnate aiteiy have 
not as yet been studied, but the obseivations of others suggest that m 
this vessel also the prectiisor of lupture may be an intimal hematoma 

6 Penfield, W Personal communication to the author 

7 Waterston, D Lancet 1 943, 1933 

8 Feilmg, A Practitioner 133 62, 1934 

9 Aring, C D , and Merritt, H H Arch Int Med 56 435, 1935 
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Ellis found that the miharj^ aneurysms which aie usually legaided 
as the cause of cerebial hemoirhage are not tiue aneuiysms but aie 
encapsulated hematomas This important question is now being studied 
and will be discussed later 

Fiom the obseivations in this short senes of cases it appeals that 
capillary ruptuie with mtimal hemorrhage is intimately concerned with 
the mechanism of ceiebral arteiial thrombosis and possibly Avith the 
causation of cerebial arteriospasm and hemorihage in ceitain cases 
If this IS tiue, the factors responsible for the lupture of intimal capil- 
laiies should be the immediate causes of these lesions The factois 
responsible foi the rupture of intimal capillaiies in the coronary arteries 
have been described elsewhere^ and the same factors hold good for the 
ceiebial vessels The integrity of a capillary wall in any part of the 
body depends on the pressure of blood within its lumen, the strength 
and elasticity of its wall, and the iigidity of its suppoiting stroma 
Because intimal capillaiies aiise diiectly fiom the lumen of a laige 
artery, it is argued that they will be subjected to a greater blood piessuie 
than those which lie at the end of a long series of arteries and arterioles 
This aigument is not new Ellis stated that “the small vessels of the 
basal ganglia, notoriously the site of hemorrhage, aie direct branches 
of the cerebral arteries and hence are subjected to a blood pressure 
gieatei than vessels of similar size in other parts of the brain and pos- 
sibly of the body” It is reasonable to assume that the piessuie in 
intimal capillaries of the cerebral aiteries, normally high, will be 
increased m cases of persistent hypertension or of temporary elevation 
of blood pressure from excessive exercise or emotion In these circum- 
stances the strain on the capillary walls will be increased, and there will 
be imminent dangei of capillary dilatation and rupture In the series 
leported here, peisistent hypertension was present in 3 of the 4 cases 
in which intimal hemorrhage was observed at the site of pi ecipitation of 
a thrombus Aung and Merritt ° investigated 96 cases of cerebral throm- 
bosis and found that in 85 pei cent the systolic pressure was in excess 
of 140 mm of mercury and that in 50 pei cent the diastolic pressuie 
was in excess of 100 mm of mercury 

Loss of rigidity of the tissues supporting the capillary walls appears 
to be equally important m the causation of capillary ruptuie in cerebial 
aiteries Each of the intimal hemonhages in this series was found 
in an area of atheromatous degeneration, the softening process which 
is characteristic of atheroma allows the capillaries to dilate, and if the 
intiacapillaiy pressuie is high enough, overdilatation and ruptuie may 
occur Theoretically, replacement of the atheromatous material by 

10 Ellis, A G Publ Jefferson M Coll & Hosp 5 1, 1915 
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calcific deposits should help to sliengthen the suppoiting stroma and 
pi event capillary dilatation and luptine, but it is noteworthy that calci- 
fication in the ceiebial aiteiies is lare, and none at all was seen in this 
senes 

Finally, the strength and elasticity of the walls of capillancs in 
ceiebial arteries may be affected by a number of factors It is known 
that capillary fragility inci eases with ad\ancing age, Mtamm deficiency 
or local inflammatory conditions Each of these factors may be of 
importance in the pioduction of intimal hemoiihage in ceitain cases 

SUMMARY 

Intimal hemorihages in sclerotic cerebral arteiies are similar in 
stiuctuie to those desciibed prenously in sclerotic coronaiy arteries 
They lesult, not from backflow of blood thiough defects pioduced by 
ruptuie of atheiomatous “abscesses,” as was pieviously thought, but 
fiom 1 uptime of capillaries derived fiom the main arterial lumens 

From the observations in this senes it appeals that capillaiy rupture 
with intimal hemonhage is intimately concerned with the mechanism 
of ceiebral arterial thrombosis and possibly, m certain cases, with the 
causation of cerebral arteriospasm and lupture It is suggested tliat 
the factors responsible foi the lupture of intimal capillaries m the 
cerebral arteries are high mtracapillary piessure fiom hypertension, 
progiessive atheiomatous degeneiation of the suppoiting tissues and 
increased capillary fi agility from a vanety of causes 



EFFECTS OF PROLONGED INJECTIONS OF BOVINE 
ANTERIOR PITUITARY EXTRACT ON BONE 
AND CARTILAGE OF GUINEA PIGS 

MARTIN SILBERBERG, MD 

AND 

RUTH SILBERBERG, MD 

ST LOUIS 

In immatuie guinea pigs injections of an acid extract of the anterior 
lobe of the bovine pituitary for periods of from four to twenty-one 
days promoted the formation of cartilage and bone The course of 
endochondral ossification was determined by the rate at which the 
proliferation of the caitilage and its subsequent replacement by bone 
took place - In the majority of cases the calcification and ossification 
of the cartilage predominated over the new formation of cartilage cells 
and this led to narrowing of the epiphysial disk In other instances, 
however, the proliferation of cartilage was more stimulated than ossifica- 
tion and the epiphysial lines, therefore, remained open In order to 
determine whether these reactions represented a temporary condition 
or changes of a more peimanent nature, we investigated the alterations 
in the skeletal tissues after administration of the anterior pituitary 
extiact for longei periods of time 

MATERIAL AND METHODS 

Thirty-seven guinea pigs of both sexes, born at different seasons and with an 
initial weight of from 135 to 175 Gm , were used Each of eighteen guinea pigs 
received a daily intrapentoneal injection of 1 cc of a freshly prepared acid extract 
of the anterior lobe of the bovine pituitary for from one to six months, while 19 
guinea pigs served as controls 

Of a total of 18 treated guinea pigs, 5 received injections for one month, 5 for 
two months, 2 for three months, 2 for four months and 1 for six months Two 
additional guinea pigs which had been given injections for three months and 
another which had been treated for four months were allowed to survive for an 
additional period of four months, during which no injections were given 

As to the technical procedure of removing the bones and preparing the specimens, 
we refer to our previous reports ^ 

From the Laboratory of Research Pathology, Oscar Johnson Institute, Wash- 
ington University School of Medicine 

These investigations w'ere carried out with the aid of grants from the Com- 
mittee on Scientific Research of the American Medical Association, from the 
International Cancer Research Foundation and from the Jane Coffin Childs Memorial 
Fund for Medical Research 

1 Silberberg, Proc Soc Exper Biol & Med 32 1423, 1935 

2 Silberberg, M , and Silberberg, R Arch Path 26 1208, 1938 
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GENERAL OBSLRVAriONS 

The mean weights of the guinea pigs are guen in table 1 

At early stages the gam in weight in the tieated guinea pigs was less than m 
the control animals At later stages, in the majority of the treated animals, e\en 
in those which had, for a while, showm a dwarfed appearance, a considerable gam in 

Table 1 — Mean IVctghls and Dcztations jioni the Means of Noimal 
and Tieated Guinea Picri 


Total Initial WclRlits After 

Num eight, , 



bor 

Gm 

1 Mo 

2 Mo 

3 Mo 

4 AIO 

5 Mo 

0 Mo 

Normal 

19 

(19 anl 

(19 ani 

(15 am 

(11 ani 

(S am 

(C ani- 

(1 anl 

animals 


inals) 

m lie) 

innls) 

mals) 

raal«) 

mals) 

mal) 




f-flo 

j 

{+63 

f+S9 

f+120 

f+40 

f-niG 

f-i-0 



no- 

1 

24’] 

1 

311{ 

43l| 

-.29i 

C09( 

G40^ 




[-10 

1 

[—57 

1— % 

{— IOC 

l-so 

i— 49 

l-o 

Treated 

18 

(IS anl 

(IS nni 

(13 anl 

(S ani 

(1 .mi 

(1 am 

(1 anl 

animals 


mals) 

mals) 

mals) 

mals) 

mals) 

mal) 

mal) 



r+2G 


4'SC 

f+lOl 

f nos 

f-’-ir 

f-fO 

f-1-0 



14<){ 

194 


270J 

3-,’l 



015^ 



1-14 


-G4 

1-130 

1—122 

1-103 

l-o 

1-0 


Table 2 — Individual Weights of Tzvo Pans of Guinea Pigs Whieh Had Been 
Gwen Injections fai Ixvo and Thee Months, One Pair Having Been 
Allozoed to Sui-vwc Iftci Discontinuation of the Injections 



Guinea I’lg 

Guinea Pig 

Guinea Pig 

Guinea Pig 



170/114 


171/114 


43 



14 


Initnl Hciglit, Gm 


183 



ISO 



140 



143 


1 week* 

175 

175 

165 

175 

175 

175 

150 

140 

IGO 

145 

125 

140 

2 weeks 

180 

180 

185 

180 

185 

180 

155 

IGO 

175 

140 

155 

140 

3 weeks 

190 

210 

200 

180 

200 

105 

160 

145 

150 

130 

125 

145 

4 weeks 

205 

230 

215 

205 

225 

210 

170 

175 

160 

140 

140 

135 

5 weeks 

220 

230 

230 

220 

215 

255 

155 

155 

160 

125 

130 

135 

G weeks 

195 

235 

235 

230 

2C0 

2G5 

180 

170 

180 

145 

140 

ICO 

7 weeks 

250 

235 

205 

290 

290 

325 

205 

210 

200 

105 

170 

175 

8 weeks 

2G0 

2G5 

275 

320 

345 

380 

205 

190 

200 

180 

165 

180 

9 weeks 







190 

160 

180 

190 

175 

190 

10 weeks 







175 

180 

190 

195 

200 

215 

11 weeks 







185 

155 

195 

205 

175 

220 

12 weeks 







160 

170 

160 

205 

210 

215 

13 weeks 







200 

195 

230 

230 

205 

230 

Injeetions diseontinued 













14 weeks 








315 



340 


15 weeks 








330 



350 


IG weeks 








350 



340 


17 weeks 








370 



350 


18 weeks 








420 



403 


19 weeks 








385 



370 


20 weeks 








400 



390 



Onset of pregnancies 


* The bold face numbers marL either a lack of gain or a loss in Height 

weight and comparatively fast growth were seen, after three montlis the animals 
could hardly be distinguished from normal controls This agrees with the finding 
of Loeb® that a marked decrease in hyperactivity of the thyroid gland takes place 
step by step in the course of prolonged injections of anterior pituitary extract 

The individual weights of two pairs of guinea pigs are given m table 2 Each 
pair had been treated at the same time and \vith the same dose of the same extract , 

3 (a) Loeb, L , and Basset, R B Proc Soc Exper Biol & Med 26 860, 
1929 (6) Loeb, L , and Friedman, H ibid 29 172, 1931 
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nevertheless, the weight curves diffeied, one rising steadily after an initial period 
of arrest of u eight, and the othei showing a second period of cessation of weight 
increase, following a period of growth The weights of these animals seem of 
interest with reference to the question whether periods of cessation in gain or 
periods of loss of weight may be correlated with so-called lines of arrested growth 
in bone 

In table 2 we have marked periods of lack of gain in weight or loss in weight 
with asterisks 

Measuiements of the length of the tibia and femur were taken by means of a 
caliper In regard to these we found, however, even in normal animals, consideiable 
variations, amounting to as much as 10 per cent and more, between different 
guinea pigs For instance, with normal guinea pigs weighing 180 to 190 Gm it 
was found that the length of the tibia was 3 5 cm m some and only 3 1 cm in 
others Similar variations weie found in the treated animals In view of these 
variations, and because we did not use standardized strains of animals in our 
experiments, we did not think it feasible to draw definite conclusions from the 
measurements of the bones instead, we relied on the histologic studj of these 
tissues 

MICROSCOPIC OBSERVATIONS 

As to the normal micioscopic structure of the bone and cartilage of the guinea 
pig at different ages, we refer to former publications ^ 

After one month’s treatment with the anterior pituitary extract the caitilage 
and bone at the upper epiphysial zone of the tibia were seen to react in one of two 
ways 

1 In 3 of 5 animals which had lost or which had not gained weight the zone 
of endochondral ossification was distinctly narrowed The intercartilagmous ground 
substance was acidophilic, sclerosed, and resembled pieosseous substance Instead 
of ten columnar cells as observed ordinarily, only five to six, or even fewer, cells 
were counted in the epiphysial cartilage row , instead of the normal number of foui 
hypertrophic cells in one row, only two cells or a single one was found Some- 
times whole rows of caitilage cells had undergone retrogression, such circumscribed 
areas were filled in with wedgelike osseous plugs In general, an intensified calcifica- 
tion of the cells of the hypertrophic lajmr was associated with or followed by rapid 
ossification, either by breakdown of cartilage cells follownng ingrowth of capillaries 
into the cartilage and subsequent replacement by bone or, here and there, by direct 
conversion of hypertrophic cartilage cells into osteocytes In the subepiphysial 
layer the trabeculae were numerous and thickened, and their main axes weie 
arranged in a transverse as well as in a longitudinal direction, if, however, fibrosis 
of the marrow was found, the trabeculae were thinned out, contained much calcium 
and were arranged in a longitudinal direction or were destioyed by the proliferating 
connective tissue of the bone marroiy In the chondrophyte the intercaitilaginous 
matrix was likewise sclerosed, some cartilage cells were hyperplastic, and hyper- 
trophic incubator capsules appeared, which in places underwent retrogression The 
cartilage of the joint was thickened, the cartilage cells, particularly those of the 
transitional and pressure zones, proliferated by way of amitosis , they took on a 
perpendicular arrangement, and four and more cells were surrounded by a common 
capsule Some of these cells underwent hj'pertrophy followed by karvorrhexis and 
karjolysis The bony border lamella in some areas w'as corroded b\ capillaries 

4 Silberberg, M, and Silberberg, R Am J Path (a) 15 547 1939, (b) 
15 55, 1939 , footnote 2 
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advancing from the bone marrow of the epiphjsis, however, calcification and ossifica- 
tion also progressed In ribs and ^elteblae the state of cartilage and bone \\as 
similar to that in the long bones 

2 In 2 of 5 guinea pigs the findings were different , here, the epiphj'sial lines u ere 
patent and wider than under con espondiiig normal conditions The cartilaginous 
matrix of the epiphysial line was loosened and swollen Not onlj single cells, 
but not infrequently whole rows of cartilage cells, degeneiatcd and disintegrated 
But, on the other hand, proliferation of the resting and especiallv of the columnar 
caitilage cells had also taken place occasionallj' by wav of mitoses Instead of 
the ordinary number of ten columnar cartilage cells situated in one row, as many 
as twenty and more cells w'ere counted, whereas the numbei of Inpertrophic 
cartilage cells was apparently unchanged In those instances in w'hich there was 
predominance of proliferation of the cartilage ovei ossification, the trabeculae 
were not thickened Here also a certain tendenej of the bone mariow to undergo 
fibiosis was noticeable In the joint the proliferation of the cartilage cells, m 
association with intensified processes of rctiogiession and solution, had led to the 
development of minute arthropathic lesions, which were more accentuated here 
than in the previous cases in w'hicli ossification predominated 

After two months of injections of the extract these two different modes of 
reaction w'ere still present In 3 of 5 animals the epiphisial line was distincth 
narrow’ed (fig \B), and ossification of the cartilage was progressing These 3 
animals had gained onlv a little weight The scleiosed cai tilaginoiis ground 
substance had become more osseous, and the fibrils w’ere thickened The cartilage 
cell columns were ii regular, in some areas replacement of cartilaginous tissue by 
bony material had occurred, which in places had led to the formation of osseous 
budges between the epiphysis and the diaphysis (fig 2 A) Besides such bonj 
bridges, wedgelike osseous plugs of varying length and thickness were seen Not 
all these bony structures which had replaced the disintegrated cartilage cells 
persisted unchanged Some of them were corioded and absorbed by constituents 
of the bone marrow advancing from the metaphj'Sis, others underwent processes 
of solution by preserved neighboring cartilage cells, which continued to pioliferate 
The covering of the joint was thickened owing to the hyperplasia and increased 
ossification of the cartilage In the 2 other animals, which had gained more weight, 
the epiphysial line was still of medium width, and prohfeiation of the cartilage 
cells was more accentuated than ossification of the cartilage How'cvei, m contra- 
distinction to the loosening and swelling of the matrix as observed after one month’s 
injections of the extract, sclerosis of the cartilaginous ground substance and its 
fibrils was seen In the joints there was thickening of the covering caused bv 
intensive proliferation of the cartilage cells associated wnth processes of retio- 
gression, solution and vascularization In the bone marrow', ribs and vertebiae 
the changes were essentially the same as those found after one month 

After three or more months of treatment the two mam types of reaction could 
still be recognized Either the epiphysial line had become more and more ossified, 
and more osseous plugs appeared, connecting the trabeculae of the diaphysis with 
the epiphysis, while processes of solution of bone by cartilage cells and bone 
marrow could also be observed, or proliferation of cartilage cells was still pro- 
ceeding, although at these later stages the individual cartilage cells were rather 
flat, the sclerosis of the cartilaginous matrix had increased, and ossification had 
set in in various places (fig 2B) This twofold mode of reaction of the cartilage 
was reflected in the behavior of the bony tissues Predominance of proliferation of 
the caitilage cells w'as associated with increased absorption and solution of bone 




Fig 1 — A, section through the upper part ot a tibia of a normal female guinea 
pig weighing 275 Gm and of the same age as guinea pig 38 The epiphj sial line is 
of medium width, the cartilage ro^^s are regularly arranged, there is no eeidence 
of changes in the cartilaginous ground substance Magnification, 150 B, section 
through the upper part of a tibia of a female guinea pig (38) which had shown 
an initial w'eight of 150 Gm and w'hich received injections of 1 cc ot anterioi 
pituitary extract for two months The final w'eight w'as 175 Gm The epipln sial 
line IS narrowed, the columnar cartilage cells are diminished in number a dense 
calcified lajer of hjpertrophic cartilage and thick bony trabeculae aie seen 
Magnification, 150 


359 






Fig- 2 — A, section through the upper part of a tibia of a female guinea pig 
(170/114) which had shown an initial weight of 175 Gm and which had been 
given injections of 1 cc of anterior pituitary extract daily for two months The 
final weight was 275 Gm The epiphysial line is narrowed, four bony plugs have 
replaced destroyed cartilage cell rows, one plug is being invaded and dissolved by 
bone marrow Magnification, 150 B, section through the upper part of the tibia 
of a female guinea pig (44) which weighed initially 145 Gm and which had been 
given injections of 1 cc of anterior pituitary extract daily for three months, 
subsequently the animal lived for four additional months The final weight was 
550 Gm The epiphysial line is of medium width , the cartilage cells are fairly 
numerous but irregularly arranged , three thick osseous plugs are seen traversing 
the epiphysial disk and replacing cartilage cell rows , the matrix is sclerosed , 
the trabeculae are thickened Afagnification, ISO 
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This condition manifested itself in thinning and coriosion of the osseous border 
lamella of the joint as well as in the slender configuration of the bony trabeculae 
Increased ossification of the epiphysial zone, on the other hand, was associated 
with deposition of more osseous substance in the trabeculae of the marrow, in 
the compacta of the shaft and in the covering of the joint The thicker the compact 
bone of the shaft, the less numerous weie the haversian canals and, con espondingly, 
the less marked were the resorptive processes which were observed 

In an animal which had been allowed to survive for four months after dis- 
continuation of the injections theie appeared three lines of transverse trabeculae 
parallel to the zone of ossification (fig 3) Between these trabeculae and the 
epiphvsial line one could detect islands of nonossified mature euhyalme cartilage 



Fig 3 — Section through the upper part of a tibia of a female guinea pig (43) 
with an initial weight of 140 Gm (same experiment as in fig 2B) The final 
weight was 535 Gm The epiphysial line is fairly cellular and partly calcified 
Note the presence of three lines of trabeculae with axes arranged in a transverse 
direction Magnification, 120 

Table 3 gives concise descriptions of the changes in the weights of the guinea 
pigs and brief statements concerning the presence of so-called lines of arrested 
growth m their bones , furthermore, an attempt is made there to correlate the 
presence of lines of arrested growth® in the histologic section with peiiods of 
cessation of gain or of loss in weight 

5 Hams, H A Bone Grovth in Health and Disease, New York, Oxford 
University Press, 1933 


Table 3 — Summary of Obscivations on Relationship Biiieccn Cessation of 
Weight Incicasc and Lines of Attested Gtoioth tii Bones 


litstologfc Ob«er\at(ons 
nti to tlie Presence of 


Animal 

Lxpeiiment 

Lines of inected Growth 

59 

Extract for 0 mo 

Some transxerse trnhteulae 

59/119 

(239A) 

Extract for 4 mo 

Lo line of irrcsltU growth 

C4/119 

(32SA) 

Extract for 4 mo 

Eew trans\cr‘:e trabeculae 
at some distance from 
the eplpbisial lino 

04 

Extract for 3 mo 

No line of irres ted growth 

88/119 

(IlOA) 

Extract for 3 mo 

No line of arrc'-tcd growth 

07 

Extract for 2 mo 

No line of arrested grow th 

38 

Extract for 2 mo 

Trans\crEe bony trabeculae 
dircctli adjoining the bjpor- 
trophle cartilage cell lax or 

74/119 

Extract lor 2 mo 

Transverse trabeculae in 
metapliysls 

170/119 

(llS-l) 

Extract for 2 mo 

Transverse trabeculae at 
some distance from the 
epiphysial lino 

171/114 

(IICA) 

Extract for 2 mo 

No line of arrested growth 

5S 

Extract for 1 mo 

No line of arrested groxx th 

73 

Extract for 1 mo 

No line of arrested growth 

74 

Extract for 1 mo 

No line of arrested growth 

143/114 

(SOOA) 

Extract for 1 mo 

Few transverse trabeculae 
adjolmng epiphysial lino 

In the center 

86/119 

(137A) 

Extract for 1 mo 

No line of arrested grow th 

40 

Extract for 4 mo , 
followed by 4 mo 
without injections 

No line of arrested groxrth, 
marked ossification 

43 

Extract for 4 mo , 
followed by 4 mo 
without injections 

Three definite transverse 
osseous lines 

44 

Extract for 3 mo , 
followed by 4 mo 
yrithout injections 

No line of arrested growth , 
very marked ossification 


Two definite period*- of ^tand 
still 1st period, liistInK 2 weeks, 
bofrnn 11 dnjs niter trcatriicnt 
was ‘•tarted, durinp which time 
U«in in wcIUit was Rood 2d 
period, Instin*: 1 weeks, durinfr 
2d and 1th months of c'^periment 

Initial period of standstill last- 
ing 12 dnjs 

Initial period of cessation of 
Browth last inf, 2V. weeks 


Initial stand*:!!!! lasting 2 week*:, 
tlien slow Krowth up to tlio end 
of the 2 d month, more rapid 
Krowth durinp Cd month 

Initii! jxiriod of ‘standstill iast- 
Inp 2 weeks 2d period of stand 
still lastloK 1 week at end of 
2d month 

Initial standstill lastinK 1 week 
then slow Rain duriner 1st month 
more rapid Rain durinfr 2d month 

Initial period of standstill last 
Inc 2 Weeks 2d period Instinc 
S weeks durinc 2d month 

jNo cessation of crowth 


Initial period of standstill lastlnc 

2 weeks 2d period instinc 1 week 
durinc 1st half of 2d month 

Initial period of standstill lastlnc 
2% weeks 

Almost complete cessation of 
weicht Incroaso durinc time of 
experiment except for cain dunne 

3 to 4 days 

Complete standstill for the initial 
period of 10 days, then slow 
crowth 

Complete arrest for an Initial 
period of 5 to 6 days, then cood 
growth 

Initial period of standstill lastlnc 
2 weeks 


Initial period of standstill lasting 
2 weeks 

Very slow gain In weight but no 
definite standstill during the 1st 
month, except for the 1st 4 days 

Three definite periods of stand 
still, 1st one at becinning of ex- 
periment lasting i days a 2d one 
lasting 2 to S weeks dunng 2d 
half of the 1st month and 1st half 
of the 2d month, and a 3d lasting 

4 weeks durinc the 4th month, 
followed by a rapid gain 

Initial period of standstill lastlnc 

5 to 6 weeks 2d period lasting 2 
weeks during the 4th month At 
this time weight almost Identical 
with that of guinea pig 43, after 
discontinuation of injections 
rapid increase in weight 
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With the exception of 1 animal (74/119) all guinea pigs showed a period of 
cessation of weight increase immediately aftei the beginning of the injections This 
peiiod varied from four days to six weeks In some cases, after this period of 
standstill, there occurred a continuous, if rather slow, gain m weight In others 
(43 and 44) a slight gam in weight ot about 15 Gm took place over a period of 
se^eral days, followed by another period of standstill 

As to the parallelism between the cessation of gain in weight and the occurrence 
of lines of arrested growth in the microscopic sections, 3 cases are of particular 
interest Although guinea pig 74/119 did not sufter any cessation of weight 
inciease except foi an early drop of 20 Gm within two days, still in the diaphysial 
man ow, instead of the ordinary longitudinal arrangement the axes of the trabeculae 
weie definitel}'^ arranged in a transverse diiection On the other hand, guinea pig 44, 
in which cessation of gain in weight was most pronounced, did not reveal any 
eiidence of such a line, on the contraiy, it showed a very even distribution of 
osseous trabeculae, with their axes arranged in a longitudinal direction Guinea 
pig 43 vas the only animal in which three periods of cessation of gam in weight 
were accompanied by three definite transverse lines of osseous trabeculae in the 
marrow cavity 

Our findings are summaiized in table 4 


Iable 4 — Relationship Betivecn Bchavioi of Weiqht and Lines of Ai tested 
Gioztth in Tieated Guinea Pigs 



Number 

Number 

Number 

Number Shoving 

Number 


with 

luth 

with 

Lines of Arrested 

Showing no 


Initial 

Secondarj 

No Cessation 

Growth 

Lines of 

Guinea 

Loss of 

Lack of Gain 

of Gain in 

A 

Arrested 

Pigs 

Welglit 

in Weight 

Weight 

Pronounced Trace 

^ Growth 

IS 

1C 

C 

? 

1 6 

11 


Fiom this summaiy it maj'- be concluded that the occurience of transverse 
trabeculae in the marrow cavities of guinea pigs under ceitain experimental con- 
ditions is not definitely correlated with the cessation of gain in weight in these 
animals 

COMMENT 

The results obtained after piolonged administration of the acid 
extract of the anteiioi lobe of the bovine pituitary supplement and can 
be con elated with our findings in bone and caitilage after injections of 
this substance foi shortei periods of time ® 

Two tvpes of reaction can be distinguished The one is charactei ized 
by a pi edominating stimulation of the foimation of caitilage, with com- 

6 With reference to a recent publication by J Freud, L H Levie and D B 
Kroon (J Endocrinol 1 56, 1939) it may be mentioned that the gxtract used 
by us had been prepared according to the method of L Loeb and R B Basset 
(Proc Soc Exper Biol & Med 26 860, 1929), as stated in our previous reports 
(Silberberg, M Virchows Arch f path Anat 289 201, 1933, footnote 1) 
Freud, Levie and Kroon stated, furthermore, that only limited histologic data 
are aiailable In several of our previous papers (footnotes 1 and 4 b) we gave 
full histologic descriptions of our observations, which were illustrated b\ photo- 
micrographs Their papei is essentiallj’- confirmatory of our findings 
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paiativel}^ little degeneiation and ossification, and wide epiphysial zones, 
iich in cartilage cells The second lesponse consists of a piohfeiation 
of caitilage cells, associated wnth extensive degeneiation in places and 
eaily leplacenient of the degeneiated aieas by bone In the lattei case 
the inci eased and pieinature ossification leads to naiiownng and paitial 
closure of the epiphysial disk 

The tendency of the extiact to pioniotc ossification finds expicssion 
also 111 thickening of the tiabeculae, of the osseous paits of the coieiing 
of the joints and of the compact coitex of the long bones Ihis tendency, 
how^ever, becomes appaient onl}'’ at latei peiiods At earlier stages it is 
mteifered with by inci eased resoiption of osseous material, piesumably 
under the influence of the hypei activit}' of the thyioid gland which has 
been called foith by the anterioi pituitary extiact 

It was at first assumed by us that the distuibance of the balance 
between the new formation of caitilage and its ossification w^as due to 
differences in the degiee of stimulation of these two piocesses A highei 
degree of stimulation of cartilage giow’-th w^ould cause wudening, while 
a stimulation leading to a lelative and absolute niciease in ossification 
would produce nan owing, of the epiphysial line We could show% how- 
ever, that pi oliferative processes in the caitilage w'eie piedominant in 
all instances at early stages of administration of the anterior pituitai) 
extiact^ Therefore, additional local oi geneial factors must be decisive 
in determining the preponderance of ossification at later stages 

The occurrence of circumscribed osseous plugs in the epiphysial 
zone, especially in animals wdiich had lemained small and had not shown 
much gain in weight in the beginning of the experiment, gave some 
indication as to the nature of these factois These bony enclosures had 
apparently replaced areas of degenerated cartilage and nia}'- theiefoie 
be interpieted as secondary piocesses and not as direct effects of the 
action of the extract The degree of ossification in such instances appai- 
ently depends, tlieiefore, on the occuirence of moie or less extensive 
degenerations in the caitilage This interpretation would be additional 
evidence f oi the view which we have previously expi essed, iianiel}'', that 
ossification in general may be largely dependent on local factois wdiicli 
are active m addition to hormonal influences ’’ 

An answer which would apply generally to the question as to why 
the cartilage is more prone to undergo retrogiession in some instances 
than m others cannot as yet be given We have been able to demon- 
strate^® that with advancing age the tendency of the caitilage to pio- 
hferate undei the influence of the anterior pituitaiy hormone deci eases, 
whereas its tendency to undergo i etrogressive changes increases under 
this condition, but in the expeiiments which are under discussion the 

7 Silberberg, M , and Silberberg, R Arch Path 28 340, 1939 
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dififeiences m the mode of reaction aie obviously due to othei factois, 
because guinea pigs of the same weight and age and treated simul- 
taneously with the same kind and dose of the extract lesponded to the 
lattei 111 diffeient ways The tendency to foim bone was, as a lule, 
gi eater in animals which had shown less gam in weight A poor geneial 
condition may, perhaps, diminish the powei of the cartilage to grow, 
at the same time intensify the degenerative processes initiated by the 
hormone, and thus increase bone foimation 

In the epiphysial lines of guinea pigs tieated ovei longei peiiods 
of time the diffuse calcification of the cartilage which may be obseived 
aftei injections for from one to thiee weeks was missing even in animals 
which had shown little gam in weight However, the zones of endo- 
chondral ossification were nairow in those animals and osseous plugs 
indicated that degenerative piocesses had taken place One might be 
inclined to consider these bony plugs traversing the epiphysial zone in 
the diiection fiom the metaphysis as permanent stiuctuies pi eventing 
in crossbai-hke mannei further giowth of the bones m length How- 
evei, this interpretation is not necessarily correct Some osseous budges 
weie found in animals which had gained weight steadily up to the time 
when they were killed, and there is no reason to assume that growth 
would not have continued if the guinea pigs had been allowed to sui vive 
It is therefore probable that these bony plugs do not prevent fuither 
growth in length Serial sections showed that they may form complete 
osseous bridges in some places, whereas they are being dissolved by 
ingrowing bone marrow or proliferating cartilage cells in other places 
Resting cartilage cells and even well formed short columns of caitilage 
cells weie seen proximally to the osseous plugs in these cases, tlie 
cartilaginous growth originated piobably in pieserved cartilage cells of 
the neighboring tissue If the giowth of the caitilage is still fuithei 
stimulated, the remnants of the osseous plugs may be pushed downwai d 
in the diiection toward the bone mariow, and may finally be incoi- 
ported into the mass of newly foimed bony trabeculae of the metaphysis 
But at the same time increasing sclerosis of the cartilaginous giound 
substance may lead to the pioduction of new osseous plugs, and thus 
the competition between these two opposed processes peisists In the 
end an equilibiium between them may be restored, which guaiantees 
the fuithei giowth of the animal in length, and this may countei balance 
any shift of this equiIibiium which might have occuired duiing the 
earliei stages of the experiment 

In those animals which had shown notable gam in weight throughout 
the duration of the experiments, the second type of reaction to the 
anteiior pituitary extract, namely, a predominance of pi ohferation ovei 
ossification was seen even at later stages Wide epiphysial zones per- 
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sistecl toi compaiativel} long peiiods and the fiist symptoms of the 
foimation of bony plugs did not set in eaihei than foui oi moie months 
aftei the beginning of the experiment 

Ihese difteiences m the histogcnetic mechanism of the leactions of 
cartilage to the pituitaiy extract may explain the diveigent lesults 
lecoided by vaiious investigatoi s who studied the effect of anteiioi 
pituitai } extract on body gi owth In chickens Wulzen ® obsei ved ai rest 
of growth for a period of three months aftei the beginning of the admin- 
istration of the anterior pituitaiy substance This nas piobably caused by 
a long-continued piedominance of ossification oici growth piocesses 
Schafei ® noted m lats, and Robeitson’® in mice a tempoiaiy inhibi- 
tion of giowth followed b}'’ noimal oi even mci eased growth Ihese 
findings agree with our own obsei vations, m ivhich a temjioiai} shift 
of the balance m favoi of ossification was followed by a lestoiation of 
the balance wnth highei lates of both piohfeiation and ossification On 
the othei band, inci eased growdh without initial inhibition as lepoited 
by Uhlenhuth in salamanders, Howes and Clements and Howes 
in axolotl, Goetsch,^"* Evans and Long^'’ m lats, Putnam and col- 
laboiatois,^® and Teel and Cushing^" m dogs and Sousa Pciciia^® m 
labbits might have been due to a piedominance of piohfeiatne piocesses 
ovei ossification for the gieatei pait of the experiment Finally, the 
negative findings of Smith and of Larson and co-woikers-° do not 
exclude the possibility that histologic changes may actually haie been 
pi esent 

From the data of oui cxpeimients we cannot conclude that the 
stimulation of giowth exeited by the anteiioi pituitary extiact is main- 
tained indefinitely To us it seems moie likely that the anteiioi pituitaiy 
extiact acts in such a mannei as to piomote the piohfeiation of the 
caitilage and its ossification dining paits of the physiologic giow^th 

8 Wulzen, R Am J Physiol 34 127, 1914 

9 Schafer, E A Quart J Physiol 5 203, 1912 

10 Robertson, T B J Biol Cheni («) 24 385, 1916, (/;) 24 397, 1916 

11 Uhlenhuth, E Anat Rec 23 43, 1922 

12 Howes, N H J Exper Biol 15 447, 1938 

13 Clements, D I , and Howes, N H J Exper Biol 15 541, 1938 

14 Goetsch, E Bull Johns Hopkins Hosp 27 29, 1916 

15 Evans, H M, and Long, J A (a) Anat Rec 21 62, 1921, (b) Proc 
Kat Acad Sc 8 38, 1923 

16 Putnam, T I , Teel, H , and Benedict, E B Am J Phvsiol (n) 
84 157, 1928, (b) 85 40, 1928 

17 Teel, H M , and Cushing, H Endocrinol ogv' 14 157, 1930 

18 Sousa Pereira, L Lyon chir 34 673, 1937 

19 Smith C S Am J Physiol 65 277, 1923 

20 Larson, E , Bergeim, O , Barber, D I , and Fisher, N I Endocrinologv' 
13 63, 1929 
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period of the animal and to pioduce acceleiation in the matuiation of 
the skeleton in those animals m which ossification piedominates On 
the othei hand, maturation of the skeleton is delayed if the rate of 
ossification lags behind that of the intensified new formation of cartilage 
The fact that injections of the extract when given over a long peiiod 
did not pioduce inci eased growth beyond the normal adult size, leading 
to gigantism, m.ay depend on various factois With inci easing time of 
administration the extiact may lose its ability to stimulate tissues, as 
shown m the case of the ovaries and thyi oid by Loeb , this loss of 
stimulating effect may depend on a giadual change in the leactivity 
of the epiphysial cartilage undei the influence of long-continued admin- 
istration of the extract 

SUMMARY 

Piolonged admmisti ation of an acid extiact of the anteiioi lobe 
of the bovine pituitary exeits a stimulating action on (1) the prolifera- 
tion and (2) the ossification of cartilage These effects are similar to 
those which were noted aftei administration of this extiact for shortei 
peiiods of time The balance between prohfei ation and ossification may 
be distuibcd in favor of one oi the other of these two processes, and 
this effect may last for some time If the rate of ossification of cartilage 
piedominates over the rate of new formation of caitilage cells, an acceler- 
ation in the matuiation of the skeleton may take place, but if the rate 
of prohfei ation of cartilage piedominates over that of ossification, 
maturation of the skeleton may be delayed Howevei, the balance 
between these two processes can be restored at latei stages The reestab- 
lishment of this balance is responsible foi the adjustment of skeletal 
growth The course of ossification is influenced not only directly by 
the administration of the anterior pituitary extract but also indirectly 
by the occurrence and the severity of local reti ogressive processes taking 
place subsequent to the admmisti ation of the extract The histologic 
differences in cartilage and bone caused by the predominance of prolifer- 
ation or of ossification of cartilage and the subsequent restoration of a 
balance between the latter would account for the diveigent observations 
on body growth as reported by different investigators So-called lines 
of ai rested growth can be observed in the guinea pig, but they do not 
necessarily coincide with the peiiods of cessation of weight increase 
which may have occurred 

Mr S J Hayward made the photomici ographs 

21 {a) Loeb, L Science 80 252, 1934 (b) Max, P , Schmeckebier, M M , 

and Loeb, L Endocrinology 19 329, 1935 
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Theie has been inucli discussion ni reccnl \CcUs among clinicians 
and pathologists in legaid to the classification of the moie extensive 
and invasive tumois aiising fiom the chioinophobe cells of the pituitary 
body Small adenomas taking oiigin in these cells aie not infrequently 
found in routine postmoitem examinations^, these usually cannot be 
con elated vnth any clinical signs when the patient’s histoiy is renewed 
If the tumors of the chioinophobe cells of the pituitaiy body aie arianged 
in a series accoiding to size, they pass fiom such incidental lesions 
thiough tumors causing vaivmg degrees of visual disturbances up to 
huge neoplasms which destioy the optic chiasm, the noimal pituitary 
tissue and adjoining poitions of the skull and ceiebral tissue But does 
this senes represent a single type of tumoi ^ Certainly there is no 
justification foi making subdivisions in a series if size is the only 
variable component Oi aie theie among these tumors neoplasms 
which are sufficiently distinct to wan ant sepaiate classification^ If 
there are malignant chioinophobe adenomas of the pituitaiy body, it 
would be desiiable to establish ciiteria foi then identification in the 
roentgenogram and biopsy specimen, since the accumulation of such 
data might lead to an appieciation of the special pioblems in tieatment 
to which these tumois give use 

The malignant chromophobe cell adenomas have been the subject 
of relatively few papers, considering the diveigence of opinion which 
has been expressed from time to time by those interested in the subject 
As a part of a paper dealing with clinical and pathologic aspects of 
hypophysial adenomas, Dott, Peicival Bailey and Cushing - mentioned 
the malignant adenoma as one of the types of tumois arising from 

From the departments of pathology and the departments of surgery of the 
Harvard Medical School and the Peter Bent Brigham Hospital, Boston, and 
the Society of Fellows of Harvard University, Cambridge, Mass 

1 Parsons, R , in Medical Papers Dedicated to Henry Asbury Christian, 
Baltimore, Waverly Press, Inc , 1936, p 336 

2 Dott, N , Bailey, P , and Cushing, H Brit J Surg 13 314, 1925 
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chromophobe cells and discussed briefly 3 examples, 2 of which were 
studied in biopsy material only, m the case of the third necropsy was 
performed The shoit statement by Fink® contains moie valuable 
information on this subject than many of the longer discussions Some 
of the other papei s dealing with this question are those of Kux, Redhch 
and Maxted ^ Salus ® described a woman who displayed many of the 
characteristics of Cushing’s syndrome for several years Eventually she 
lost ground and died without exacerbation of the symptoms of Cushing’s 
syndrome At autopsy Salus found a large tumoi invading the naso- 
pharynx The tumor cells did not contain basophilic granules Was 
this a basophile adenoma with malignant degeneration ^ Did the patient 
have first a basophile adenoma and later an independent malignant 
chromophobe adenoma which destroyed the firsts It is impossible to 
say There is little similarity between Salus’ interesting case and those 
dealt with m this paper The discussion of the possibility of chromophile 
cell carcinoma falls outside the scope of this paper 

In a study recently published fiom this clinic® the instances of 
chromophobe adenoma of the pituitary body encountered between Jan 1, 
1928, and Jan 1, 1936, have been discussed These amounted in all 
to 88, 81 of which weie veiified by biopsy or postmortem examination, 
and 7 of which were studied only clinically and in roentgenograms 
The 81 verified tumors were divided histologically into diffuse and 
sinusoidal types, a classification suggested by Dott, Percival Bailey and 
Cushing,® which was elaborated, illustrated and correlated with clinical 
data by us After this material had been studied, theie lemained 3 
tumors which appeared different from the others We felt that they 
should be regarded as a special group to be set apart from the ordinary 
chromophobe adenomas because of the unusual clinical histones of the 
patients and the invasive properties and distinctive histologic appear- 
ance of the tumors It may seem to lay undue stress on so small a group 
to devote a special publication to it Yet a detailed consideration of 
the 3 patients and a study of the tumors in the light of general oncologic 
principles may contribute toward the understanding of a lesion which 
IS one of the most difficult to identify and to tieat of any affecting the 
pituitary body 

CASE 1 

Two year history of visual distm bances, impotency, seism es with olfactoiy 
piodroiives Extensive destruction of sella turcica shown in roentgenograms Trans- 

3 Fink, E B Tr Chicago Path Soc 12 359, 1927 

4 (a) Kux, E Beitr z path Anat u z allg Path 87 59, 1931 (&) 
Redhch, F Wien Arch f inn Med 30 111, 1937 (c) Maxted, G Proc 
Roy Soc Med (Sect Ophth ) 12 42, 1919 

5 Salus, F Ztschr f d ges Neurol u Psychiat 148 574, 1933 

6 Schnitker, M , Cutler, E , Bailey, O , and Vaughan, W Am J Roent- 
genol 40 645, 1938 
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f 7 onto! ciamoiomy joUoivcd by mtcusivc locntgcn ihoapy Patient alive and at 
walk sn and one-half yeais aftet opeiation Tumor Instohgieally malignant 
chi omophobe adenoma 

Mr J T first came to the clinic Feb 17, 1933, at the age of 40, because of 
gradual loss of vision This had made its first appeaiance in 1931 In the begin- 
ning the difficultj' A%as confined to impairment of Msion in the temporal field of 
the right eye, but there was a steady increase in extent, which was only temporanh 
improved by successne changes of eyeglasses In No\ ember 1932 the patient found 
that when he drove Ins automobile an approaching lehiclc would disappeai from 
sight as it came opposite his car The patient then began carrying out crude ■visual 
tests, which showed absence of vision in four fifths of the right ■visual field and 
blurred vision in the remainder of that field He also found that there was no 
vision in one fifth of the left temporal field of ■vision Soon after this he began 
to experience transient attacks of diplopia lasting fifteen to thirtv seconds ■when- 
ever he turned his head suddenl}' The visual disturbances progressed in seventv 
to such an extent that the right eye was almost blind and vision in the left eve 
was seriously impaired when he came to the hospital 

While at work in August 1932 he had an attack of weakness and dimness, 
at the same time he thought he smelleci coal gas He went home at once and 
fainted shortlv' after arriving there Complete unconsciousness lasted for an 
unknown interv^al The patient was not incontinent at the time On the next 
day he again stated that he smelled coal gas, but those about him could detect no 
such odor The olfactoiy sensation was followed bj a sense of faintness without 
loss of consciousness There were four more of these attacks up to December 1932 

In that month, mild headaches m the frontal region made their appearance 
These occurred ever}’^ day and were associated in the patient’s mind with eyestrain 
At intervals there were also more sev'ere occipital headaches The patient had 
no attacks of vomiting, there was no epistaxis oi rhinorrhea He had maintained 
a weight of 202 pounds (91 5 Kg ) His height was 176 cm He had 4 normal 
children Libido was absent during the two jears previous to his admission to 
the hospital 

Evammatwn — The patient was alert, well developed and stout, the fat over 
the abdomen and hips being somewhat moie noticeable than elsewhere The right 
pupil was larger than the left and reacted sluggishh to light and accommodation 
The left showed normal reactions in both tests There were no abnormalities of 
movement m the extraocular muscles The genitalia were well dev'eloped, and 
the body hair followed the distribution normal in men The tendon reflexes W'ere 
physiologic with the exception of the right ankle jerk, which was hyperactive All 
test odors were recognized Studies of the visual fields showed almost complete 
left temporal hemianopia There was a small area on the nasal side of the right 
visual field in which vision was preserved, but even the largest test disk could 
not be perceived by other parts of the right visual field The corrected acuity of 
vision was 20/40 in the left eye, 5/200 m the nasal field of the right eye, and 0 
elsewhere Examination of the right optic fundus disclosed a pale optic disk wuth 
well defined margins There was a deep physiologic cup and a visible lamina 
enbrosa The left optic fundus was similar except that the optic disk was not so 
pale The blood pressure was 135 mm of mercuiy sv'^stolic and 85 mm diastolic 
The basal metabolic rate was minus 17 per cent The blood and urine were 
essentially normal 

Roentgen Observations — The cranial vault was rather thick and dense The 
-sella turcica was almost completely destroj^ed, but the right anterior process 
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remained The left anterior clinoid piocess was not visualized There was no 
evidence of a soft tissue mass in the nasopharynx (fig 1) Roentgenograms of 
the right hand and wrist showed large bones but no acromegalic changes The 
destructive lesion in the sella tuicica was regarded as suggestive of a malignant 
tumor lathei than of the usual type of chromophobe adenoma 

Opeiaiwn — Feb 21, 1933, a right frontal bone flap was turned down The 
frontal bone was thickened but did not have the appearance of the skull in 



Fig 1 (case 1) — ^Roentgenogram showing almost complete erosion of the 
sella turcica The amount of bone destruction is greater than that usually seen 
with chromophobe adenoma of the pituitary 


acromegaly When the pituitary fossa was brought into view, it was seen to be 
filled with a meathke tumor, which flattened the right optic nerve, pushing it 
upward and outward Some large fragments were removed for histologic study, 
and more tumor tissue was evacuated with suction 

Subsequent Course — Convalescence was rapid and without untoward incident 
The visual fields March 8 showed a slight contraction of the defect in tlie left 
e 5 e The patient could distinguish an object the size of the examiner’s hand in 
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the area which was blind before operation He was discharged March 16 Roentgen 
therapy was started March 11, between that date and March 15 foui treatments, 
each of 55 per cent of a Holzknecht erythema dose, ivcre gnen alternately to the 
right and left temporal portals The A’lsiial fields April 26 showed so much 
improvement in the left eye that only a small defect remained in the uppei temporal 
quadrant With the right eye the patient could sec the examiner’s head on 
the nasal side of the field but could not recognize the test disks He felt strongei 
and the improvement in vision (registered objectnelj'' in the visual field charts) 
enabled him to read better than before operation Four more roentgen tiealmcnts 
of the same character were given 

June 26, a little more than thicc months aftei the patient left the hospital, his 
visual fields and general condition lemamcd essentialh' unchanged He was gnen 
another series of four roentgen ticatments, the dose being the same as before 
After that the patient remained s 3 mptom-free except for the defect in iision in 
the right eye Since he had no further simploms, he could not be persuaded to 
return regularly for obseivation In Dccembci 1934 he found blood on the pillow 
when he aw'oke, wdiich led him to tlimk that he might ha%e had a coniulsion during 
the night He then retmiied to find out the cause The xisual fields had remained 
almost exactly as they were in April 1933 Further roentgen therapv was 
recommended but refused One day at the end of March 1935 he suddenly lost 
consciousness and w'as told that he had had a coinulsion There was another 
less severe convulsion a few' dajs latci Because of these, he reentered the hos- 
pital on April 6, 1936 Physical and neurologic examinations showed conditions 
unchanged from those at the time of the previous admission Roentgenograms 
of the skull show'ed that the extent of destiuction of the sella turcica had altered 
little in the three years since the patient first came to the hospital The left 
visual field w'as unchanged from that seen in April 1933 There w'as perception of 
light only in the right eye Roentgen therapy to the amount of 1,170 roentgens 
was given to each temporal aiea A fifth scries of roentgen treatments was given 
in June because of another convulsion and seveial “fainting attacks” The total 
dose to each temporal area w'as 900 roentgens Repeated Msits to June 1937 
showed no further change in visual fields and no untow'ard s 3 'mptoms Another 
series of roentgen treatments w'as given at that time, the total dose to each temporal 
region being 1,050 roentgens Roentgenograms of the skull m June 1938 show'ed 
some regeneration of the anterior clinoid processes on the right and slight but 
definite evidence of healing in all the region of the destro 3 'ed bone At the last 
examination (February 1939) further improvement in the fields of vision w'as 
noted, and no further seizures or headaches had appeared The patient’s w'eight 
was 220 pounds (100 Kg) , he remained impotent He was able to carr 3 ’- on his 
work as traveling salesman without trouble and had no difficulty with the auto- 
mobile driving required by it Roentgenograms of the skull taken at that time 
showed the pituitary fossa to be about the same size and shape as noted at the 
first examination, six years previously The posterior chnoid processes were partly 
eroded, the right anterior clinoid process was thinned and displaced laterally, while 
the left W'as eroded The left spheno-orbital fissure was larger than the right The 
patient received no more roentgen treatment after June 1937 

Biopsy — The material consisted of 3 5 Gm of grayish pink tissue m large 
fragments It was soft and pulpy This material was fixed in Zenker’s fluid with 5 
per cent acetic acid, embedded in paraffin and stained by the following methods 
hematoxyhn-eosin, eosm-methylene blue, klallory’s phosphotungstic acid-hematein 
and Foot’s modification of the Bielschowsky-Maresch method for reticulum with 
Van Gieson’s stain as a counterstain 
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Histologically, the cells of the tumor were massed in broad irregular sheets 
separated from one another by delicate strands of collagenous stroma There 
were many capillaries scattered among the clusters of tumor cells Most of the 
strands of stroma were associated with the capillaries, and the collagen seemed 
rather retractile The round or oval nuclei of the tumor cells were rich in 
chromatin The cytoplasm stained pale and contained very fine gianules of a 
neutral staining reaction No chromophile cells were encountered There was 
moderate variation in cell size and shape from place to place Mitoses were 
scattered throughout the tumor in moderate numbers (fig 2) In one fiagment 



Fig 2 (case 1) — Photomicrograph of a field in the material removed at 
operation The chromophobe cells are closeh packed, at the center is a mitosis 
Hematoxj lin and eosin , X 900 


of the tumor mitoses were especially numerous, two being seen in a single high 
power field on several occasions The edge of the tumor was not included in 
the biopsj material 

C \SE 2 

N'liic months’ htsloiv of headache, fading vision, convulsions and aphasia 
Anosmia, laigc defects in fields of vivon, bulbai patcsis Eiosion of sella tuicica 
shoian in 1 oentgenograms Exploi ation of left tcmpoial lobe zvitli fatality Autopsy 
malignant chi omophobc adenoma vilh ci tension into left tcmpoial lobe and 
sphenoid sinus 
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Mr R P was admitted to the hospital Jan 2, 1934. Iicc.ui'e of headache and 
difficulty in Msion His difficulties had begun in Afay 1933, \%ith a stcadj, burning 
headache, situated, as he said, “behind the c\e” 'Ihc pain began in the morning 
and lasted all day, sahejiates gaic no relief In the lollowmg June he first 
noticed slight difficulty in Msion, but this did not become a major sunplom One 
month later the patient had an attack of stertorous breathing and could not be 
made to respond for an hour Ihe attack was not accompanied bj a coimilsion, 
and there w'ere no speech disturbances oi other residua aftci consciousness returned 
In Octobei a similar attack w’as followed bj difficult} m spcccli so se\cre that 
he could not be easily understood He was not able to name objects quick!} , 
though his celebration seemed otherwise normal A thud attack occurred in 
November Dm mg this sei7urc he did not lose consciousness but was unable to 
speak for about three hours Speech was liien produced m the thick, poorl} 
articulate mannei which it had assumed aftci the second seizure In December 
all the patient’s teeth w'ere remo\ed On tiic nevt night there was a gcneralired 
coniulsion, consisting of jeiking mo\cincnts of both arms and legs Tlic patient 
was semicomatose during the coiniilsion and felt diowsy for the nc\t two dass 
Several similar convulsions occurred during the following week Nocturia then 
appealed for the first time At this period, also, the patient would frequently drop 
his knife or fork and would be unable to grasp the utensil firm!} in either hand 
when it was returned to him Walking became troublesome at this period 
because he could not lift his feet and was compelled to drag them after him 
Complete paralysis was not present at ani time Vomiting occurred onl} once, 
and then following medication At the time the weakness of both arms and legs 
developed, some difficulty in sw’allowing liquid appeared, and on one occasion 
regurgitation through the nose follow'ed a fit of coughing There was at no 
time evidence of epistaxis or rhinorrhea The patient had gained 30 pounds 
(13 5 Kg) in the previous ten }ears He was married fourteen }ears before, 
there were 4 normal children No recent change in libido had been noted 

Evammahott — The patient was w'cll de\ eloped, somcwdiat obese, drowsy and 
in no acute distress The right pupil was slightly larger than the left, both 
reacted normally to light and to accommodation There was wneakness m 
conjugate movements of the eyes to the left A slow' n}stagmus was noted w'hen 
the patient looked either to the right or to the left There was choking of both 
optic disks of 1 to 2 diopters, wuth considerable blurring and hvperemia at the 
periphery The visual acuity of the right e 3 'e was 20/70, that of the left, 20/100 
Charting of the visual fields disclosed nearly complete temporal hemianopia on the 
right, on the left there was only a small area of vision remaining at the center, 
since both the temporal and nasal fields w'ere almost completely obliterated There 
was normal response to test odors on the right, but complete anosmia w as found on 
the left There was a suggestion of weakness of the right lower facial musculature 
The lower jaw could be only partially opened The soft palate deviated to the left 
Speech was thick and blurred, the patient hesitated for some time before saying 
the name of any common object All tendon reflexes were hyperactive but equal 
on opposite sides Hoffmann’s sign was present on the right but the Babmski 
sign was not The hair on the body followed the male type of distribution, the 
genitalia were normal in development The blood pressure w'as 130 mm of 
mercury s} stolic and 80 mm diastolic The blood and urine w'ere normal The spinal 
fluid was under slightly increased initial pressure It was yellow and gave a 
strongly positive Pandy reaction 

Roentgen Observations — Right stereoscopic and anteroposterior views of the 
skull show'ed a vault of average thickness The pituitary fossa measured 18 mm 
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in length and IS mm in depth The left anterior chnoid process was destroyed, 
and both posterior chnoid processes were rarefied The left half of the sella 
turcica was completely eroded (fig 3) The pineal body occupied a position to 
the right of its normal situation 

Ventriculograms showed both lateral ventricles displaced to the right of the mid- 
hne The left temporal horn was displaced upward and backward The third 
ventiicle was not definitely outlined, but the air passed freely between the lateral 



Fig 3 (case 2) — Roentgenogram showing great enlargement of the sella 
turcica The left anterior chnoid process has been destroyed, and the posterior 
chnoid processes are rarefied 

ventricles The right ventricle was slightly dilated but vas otherwise normal in 
appearance This was regarded as indicative of a tumor of the first temporal lobe, 
probably an extension from a pituitary adenoma 

Opct atioii — The procedure began with a ventriculographic examination, the 
results of which have been gnen An osteoplastic bone flap vas then turned 
down in the left temporal region, and the area of dura thus exposed was enlarged 
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by removal of bone as far as the floor ol the middle fossa The dura uas under 
great tension The convolutions which had been brought into mcw \\erc flattened 
and the delimiting sulci almost obliterated An incision ^\as then made in the 
temporal cortex at the posterior margin of the field After about 2 cm of 
relatively normal cortical tissue had been passed through, a grayish red tumor 
of great vascularity was met, it \\as bleeding actively To the operator’s 



Fig 4 (case 2) — Photograph of the base of the brain showing the enormous 
tumor occupying the pituitary region, extending backward over the pons and into 
the left temporal lobe The operative defect in the left temporal cortex exposes 
the deeper portions of the tumor m that location 


examining finger, the tumor seemed well demarcated, lobulated and soft in?'con- 
sistency Four grams of neoplasm were enucleated It was then apparent that 
there was an attachment of the tumor to the base of the brain m the midlme near 
the middle fossa Further removal of tumor was impossible The exposed surface 
of the neoplasm was accordingly seared with the electric cauterv, the wound 
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washed several times with saline solution and the dura reapproximated, leaving 
a large decompression in the middle fossa Before the operation the patient 
was comatose, there was little change at its conclusion 

Postoperative Com sc — The patient’s condition remained precarious after the 
operation It became apparent that the speech center had been affected by the 
operative procedure, since he could understand and execute simple commands but 
could not speak The condition of the patient did not show any definite improve- 
ment On the eighth postoperative day the throat from time to time filled with 
mucus, but little other change occuried Then quite suddenly that evening respira- 
tions ceased 

Ncciopsy — Examination was restricted to the head When the surface of the 
brain was exposed by reflection of the dura, the convolutions appeared more 
flattened in the left hemisphere than m the right A soft tumor was palpated 
in the left temporal lobe, this was located beneath the area of maximum 
convolutional flattening When the basilar surface of the brain was inspected, 
attention was at once directed to a reddish gray, extremely soft tumor extending 
into the left temporal lobe from the region normally occupied by the pituitary 
body (fig 4) The mass in the region of the sella turcica measured 5 5 by S 5 cm , 
the medulla was partially encircled by a backward extension, 4 cm in transverse 
extent and 2 cm in anteroposterior diameter There were many irregular excre- 
scences jutting out from the mam tumor It was an unusually large one of these 
which produced a tumor bridge to the left temporal lobe, where it formed the mass 
surgically attacked The optic chiasma was pushed far to the right of the 
midline and was partially included in the mass of tumor The left trigeminal 
nerve passed directly through the neoplasm and was separated from it with 
difficulty The left semilunar ganglion was enlarged to 6 mm in diameter and 
was partly surrounded by tumor Considerable dissection was required to find 
the rest of the cranial nerves on the left, since all of the first nine either passed 
through the tumor or had their course altered by it The cranial nerves on 
the right side were normal 

The base of the skull was then studied (fig 5) The cribriform plate of the 
ethmoid bone was very thin, but there was no extension of tumor to the ethmoid 
sinus The frontal sinuses were normal The sella turcica measured 3 cm 
transversely and 2 cm anteroposteriorly The right wall was thin and convex in 
outline Elevation of the dura in this region uncovered a subdural extension 
of the tumor, 1 cm in thickness and 2 cm in extent, both anteroposteriorly and 
laterally There was an irregular anterior extension over the great wing of the 
sphenoid bone, which resulted in rounding off the left anterior clinoid process 
and in pushing the right anterior clinoid piocess farther to the right than normal 
Both posterior clinoid processes were also involved The interior of the sphenoid 
sinus contained soft, friable, grayish red tumor There was a small communication 
between the sinus and the sella turcica to the right of the midline The petrous 
portion of the left temporal bone was involved by tumor for 3 cm adjacent to 
the sella turcica, but the lateral 4 cm was free from tumor The neoplasm 
extended backward to the occipital bone, which it overlay rather than invaded 
The posteriormost tip of the tumor was just anterior to the foramen magnum 
The venous sinuses of the dura nere free from neoplasm and thrombi The left 
internal carotid artery was embedded in the tumor but was not compressed or 
thrombosed Careful investigation of the nasal cavity showed it to be free 
from neoplasm 

After fixation m solution of formaldehjde U S P diluted 1 10 (4 per cent 
formaldehyde), a coronal section was made, passing appioximatelj thioueh the 
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center of the brain so as to divide the left semilunar ganglion and the tumor 
into equal parts and to pass through the third ^entrIclc and basal ganglions 
(fig 6) The left lateral \entricle was somewhat compressed, and the left basal 
ganglions were pushed upward as a w'holc, the left putamcn and globus palhdus 
were destroyed by the tumor The left thalamus and internal capsule were slighth 
distorted bj the general upward dislocation of structures b\ the neoplasm and 
W'ere infiltrated by the tumoi for a shoit distance infenorly Ihe right basal 
ganglions w'ere noimal A small amount of changed blood co\eicd the epcndcmal 
surfaces The diameter of tlie third lentiiclc did not exceed 1 mm at am point It 
was pushed to the right of the midlme and cui\cd along the surtacc of the tumor, 
but its epend 3 mal surface was free from neoplasm Ihc onh portion of the 
cerebral cortex affected bi the tumor was the leit temporal lobe Tiic operatic e 



Fig 5 (case 2) — Diagram to show' the extent of bone erosion (stippled) 
By comparison w'lth figure 4, it mac be seen that some of the tumor lay on the 
surface of intact bone but that the area eroded evas large 

incision in this region extended 3 cm into the cortical tissue A considerable 
portion of the subcortical neoplastic mass remained It evas evident that the 
tumor in the temporal lobe, that in the basal ganglions and that in the sella 
turcica cvere directly continuous (fig 6) The mass m the region of the pituitary 
body measured m cross section 5 by 4 cm While most of tlie tumor surface 
was dark, irregular and mottled, there cvere a feev cvhite areas, especially along 
the locver margin, cvhich were firmer than the surrounding tissue The remainder 
of the neoplasm evas soft even after fixation and shoeved ver}' extensic'e 
degeneration 

Mta oscopic ExaimnuUou — The tumor evas examined by the histologic technics 
listed as used in case 1 On the cvhole, the type cell of the neoplasm resembled 
the chromophobe cell of the normal pars anterior The nuclei cvere round or 
slightlv ovoid , the nuclear membranes cc'ere distinct, and there cc'as a moderate 
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amount of chromatin Occasional mitotic figures were found throughout the 
tumor The cytoplasm of the tjpe cell took a very pale stain, and on inspection 
with the highest power microscopic objective it was found to contain many fine 
granules, which were neutral in staining reaction The cell walls were not 
distinct There was considerable variation in cell size, with a general tendency for 
the cells to be larger than normal chromophobe cells No chromophile cells were 
found in the tumor itself A very few tumor cells contained small cytoplasmic 
vacuoles On the whole the tumor was highly cellular, the cells being arranged 
in very large groups The stroma in most areas was composed of small blood 
vessels and very delicate strands of connective tissue There was no constant 
relationship between cells and stroma, and nothing resembling the sinusoids of 
the normal pars anterior was seen In some areas, however, there was coarser 



Fig 6 (case 2) — Coronal section of the brain exposing the tumor in its 
largest cross section Note the destruction of most of the left basal ganglions 
and the distortion of the remainder This photograph shows that the tumor 
spread entirely by direct extension 

and more richly collagenous connective tissue While there were in some places 
bits of coarse connective tissue from the surrounding dura included within the 
tumor, the areas with the altered stroma were distinct and the connective tissue 
newly formed The new connective tissue appeared to be derived in part, however, 
from the dura, for when some of the strands were traced out, they could be 
seen to spread through the tumor from a bundle of dural connective tissue, like 
the ribs of a fan In other places, the new stroma originated in the adventitial 
connective tissue of the larger arteries, an especially good example being seen 
m connection with the internal carotid artery The tumor compressed the edge 
of this vessel and derived some of its stroma from the adventitia, but it did 
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not infiltrate the inner portions of this lajcr or affect appreciably the media or 
intnna The tumor did not grow into the lumens of blood \essels 

The region of the gasserian ganglion and the adjacent portions of the trigeminal 
nerve were studied The ner\c cells were prescr\ed, but the general architecture 
of the ganglion was considcrabh disrupted by the tumoi Masses of neoplastic cells 
extended into the ganglion and divided groups of ncr\e cells from one another 
with little necrosis of ner\c tissue The bundles of nerve fibers in the motor 
portion were widely separated from one another b\ tumor, but the individual 
fibers appeared intact (fig 7) 

Throughout the tumor, but especially in the temporal portions, there were 
extensive necrosis and hemorrhage The edge of the tumor where it bordered on 
basal ganglions and ccrebial cortex was sharp There was little glial reaction 
in the adjacent cerebral tissue 

An atrophic fragment of the normal pars anterior was included in the material 
The sinusoids were compressed and narrow Well preserved cells of all the 
normal types were found However, many of the eosinophils contained small 
cytoplasmic vacuoles At the junction of the neoplasm and the fragment of 
pituitary the tumor cells infiltrated the bit of pars anterior for a short distance 

CASE 3 

Ten months’ hxsloty of nasal obsliuchon, visual disturbances and headache 
for SIX months, diminished sense of smell and amenorrhea Intranasal grozeth 
removed chewhere, zvhich proved to be extension from pitiiitarv tumor Com- 
plete bitemporal hernianopia, destructive lesion of sella turcica shozan m roent- 
genograms Transfrorital craniotomy zvith operative fatality Autopsy malignant 
chromophobe adenoma zvith invasion of base of skull, sphenoid sinus and right 
nasal cavity 

Miss Z H was a Turkish school teacher, 31 years of age, who came to this 
hospital for treatment May 16, 1933, after a diagnosis of chromophobe tumor of 
the pituitary body had been made by her physician in Angora, Turkey 

The first hint of the series of misfortunes which was to befall her was 
a slight difficulty in breathing which developed in July 1932 Investigation showed 
that this was due to nasal obstruction As time went on, this obstruction increased 
In March 1933 a surgeon in Angora removed a polyp in an endeavor to improve 
the condition On microscopic examination the polvp proved to be a pituitary 
adenoma of unusual histologic character Between that time and the time of 
the patient’s arnv'al at Boston the nasal obstruction increased still further It 
was this difficulty m breathing which caused her the most distress throughout her 
illness 

There was, however, a variety of other symptoms Beginning in November 
1932, she noted a rather severe blurring of vision and a decrease in visual acuity 
to a degree which prevented her from reading fine print Coincident with 
the onset of blurring of vision (i e, in November 1932) vague, dull headaches 
occurred from time to time While the headaches grew more sev^ere as time went 
on, they" were never an important part of the clinical picture Early in 1933 the 
•patient noticed occasionally a sensation of numbness, tingling and aching in the 
finger tips of both hands At about the same time there was diminution m 
the sense of smell on the right On careful questioning it appeared that attacks of 
•nausea without vormtmg developed as early as 1931 but were not severe enough 
for her to attach any particular significance to them In the same year the menses 
became scanty, and since five months before admission to the hospital there had 
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Fig 7 (case 2) — Photomicrograph of a section through the motor root of 
the left trigeminal nerve The indnidual ner\'e bundles are intact, though the tumor 
has separated them from one another 
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been no flow Just before the menses ceased and at intervals after that there uerc 
occasions when the patient felt \ct\ warm and when blood seemed to rush to the 
head 

Exaiuutahon — The patient was alert, well dc\clopcd and in no acute distress 
The skin w'as normal in texture, the hair of the bodj followed the distribution 
expected in w'omen The weight of 57 kilognins in comparison with a height 
of 147 cm ga\c a clinical impression of slight adipositv Ihc extra fat was 
accumulated over the abdomen and hips for the most part The pupils reacted to 
light equall}, and there weie no abnormalities in the cxtraocular mo\cments 
The Msual aciiiti in the left 03 c was 20/40 and that in the right c\c 20/50 Charts 
of the fields of vision showed complete bitemporal hemianopia On examina- 
tion of the fundus there was slight fibrosis in the lamina cribrosa Slight 
tortuositj was noted m the \ems of both fundi, but there was no choking of 
the optic disk At this time no tumor could be seen in the nasal ca\itics A com- 
plete physical examination, including neurologic stiidj, showed no further 
abnormalities 

Roentgen Obsei gallons — The cranial vault was of aecrage thickness Ihe 
pituitary fossa was definitclj enlarged and appealed expanded There w'as 
considerable destruction of bone, particularh on the left, this also invohcd the 
dorsum sellae and the medial end of the left petrous ridge (fig S) The sphenoid 
and petrous ridges were otherwise normal Ihe sphenoid sinus was cloudy No 
definite soft tissue mass could be \ 1 sual 17 ed in the nasopharjnx The impression 
W’as that of a rapidly growing, destructue tumor of the pituitarj bod} 

Opciafton — The region of the pituitary body w'as exposed b} turning dow'n 
a right transfrontal bone flap The grcatlj enlarged right optic nerve w'as 
dislocated upw’ard and laterallj by a large tumor The operator then made a 
small opening in the tumor by w’ay of the diaphragma sellae, this w'as followed 
by an outpouring of neoplasm so soft that it seemed more like a thick fluid than 
tissue An endeavor was made to obtain more satisfactory specimens for histologic 
study with the hypophysial rongeur than could be secured w'lth the hypophysial 
spoon The former instrument w'as accordingly introduced into the center of 
the tumor and a fragment of tissue gently removed Immediately the whole field 
was flooded with bright red blood The opcratoi at once realized that he had 
entered the internal carotid artery, w'hich had been involved b} the tumor to such 
an extent that very slight pressure had opened it The hemorrhage was con- 
trolled, at first W’lth gauze, and then w'lth a large piece of muscle Closure 
was accomplished successfully The patient remained in a precarious state and 
died seven hours after closure had been completed 

Neciopsy — The anatomic diagnoses were malignant adenoma of the pituitary 
body, invading the sphenoid sinus and nasal cavities, hyperplasia of the thymus 
(18 Gm ) , miliary adenomas of the adrenals, hirsutism of the lips, focal 
cicatrization of the pancreas, leiomyoma of the uterus, Ascaris lumbricoides 
infestation of the terminal portion of the ileum, renal calculi, unc acid deposits 
in the kidneys 

When the bone flap was elevated, the region of the w'ound was found free 
from hemorrhage The right frontal lobe was then raised from the orbital plate 
and the operative site brought into view Near the left side of the tense hemor- 
rhagic tumor the incision made at operation was visible The reddish soft tissue 
of the neoplasm pouted through the opening, but there was no accumulation of 
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blood in this area beyond slight staining of all the tissues at the base of the 
brain The upward growth of the tumor had so distorted the optic nerves that 
both of them at first passed posteriorly and superiorly after leaving the brain 
substance They then took a long course forward to each orbit The left internal 
carotid artery was displaced from its usual position so as to he outside the capsule 
of the tumor, near the operative opening in it Three millimeters posterior to 
the incision the wall of the left internal carotid artery was irregular and trau- 
matized Proximal to the point of injury the artery was distended with a thrombus 
of recent origin The right internal carotid artery and cavernous sinus were 



Fig 8 (case 3) — Roentgenograms showing expansion of the sella turcica with 
considerable destruction of bone The cloudiness of the sphenoid sinus proved to 
be due to a mass of tumor in that location 

included within the tumor, along with the adjacent nerves There was no evidence 
of thrombosis or laceration of any of these vessels 

As for the tumor itself, it was situated m the greatly expanded sella turcica 
and was divided into two approximately equal portions by the sagittal plane of the 
brain The mam mass of the neoplasm measured 32 mm in the coronal plane 
18 mm m lateral extent, and 22 mm in the greatest anteroposterior plane The 
soft, homogeneous, reddish purple tumor appeared entirely encapsulated except 
in the region of the floor of the sella turcica as will be described Superiorly 
the tumor was limited by the compressed floor of the third ventricle, anteriorly 
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by the optic cliiasni and the anterior commissure, posteriori}, by its distended 
capsule, the remnants of tlie thinned dorsum sellac and the posterior commissure 
(fig 9) 



,0m 






Fig 9 (cased) — Median sagittal section of the brain showing the extent 
of the tumor and its relations 
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Fig 10 (case 3) — Diagram of the base of the skull to show' the extent of 
bone erosion (stippled area) 


There w'ere widespread erosion of bone and extension of tumor at the base 
of the skull adjacent to the sella turcica (fig 10) Both anterior clinoid processes 
W'ere eroded, and the dorsum sellae w'as largeh destroyed A perforation w'as 
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present in the floor of the sella turcica, in the posterior portion, and the tumor 
extended through it into the sphenoid sinus There was a narrow partial septum 
dividing the sinus into two compartments, each of which was filled with soft 
tumor tissue m direct continuity with the main mass of neoplasm The floor of the 
sinus was defective anteriorly on each side, with the result that a probe could 
be passed downward into the superior portion of each nasal cavity Inspection 
from below showed that there were two defects, each 2 mm in diameter, on the 
left side of the nasal septum above the superior turbinate No tumor tissue 
was found within the left nasal cavitj' In the right nasal cavity a nodule of 



Fig 11 (case 3) — Photomicrograph to show the morphologic variation m the 
cells Note the cell with the vacuoles at the center This appears to be an earlier 
stage of the vacuolation shown in figure 12 There is a mitosis at the left 
Hematoxylin and eosin , X 900 

neoplasm extended for a distance of 8 mm All the tumor tissue was directly 
continuous, and no metastases were found m the skull or elsewhere in the bod> 
After fixation in solution of formaldehyde U S P , the brain was cut in the 
midline anteroposteriorly (fig 9) The tumor was soft and varied in colqr from 
reddish purple to pale gray Along the anterior aspect of the neoplasm there 
was a thin gray line, which proved to be a portion of normal pituitary tissue 
The floor of the third -ventricle was thinned from compression by the tumor 
and there were se\eral defects in it in the region of the intermediate mass and 
others near the posterior commissure The third ventricle itself was not dilated 
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Fig 12 (case 3) — Photomicrograph to show details of cell structure A 
\acuolated cell of the t 3 'pe discussed in the text is shown just above the center 
of the photograph There is a mitosis at the lowei light Hematoxjdin and 
eosm, X 1,700 
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The pineal gland ^\as situated 10 mm posterior to its usual site but otherwise 
was not altered The aqueduct of SyKius measured 1 to 2 mm m diameter 
The fourth ventricle was normal 

Microscopic Evainmation — The material available for histologic study had 
been obtained (1) at the operation on the nose in Turkey, (2) at the operation 
in this hospital and (3) at necropsv Sections from all three lots of material 
were prepared and stained bv the methods listed m the report of case 1 The 
sections of material obtained at the second operation and of that obtained <it 



Fig 13 (case 3) — Photomicrograph of the tumor showing the formation of 
clusters of cells separated by a coarse collagenous connective tissue, quite dif- 
ferent from that of the normal pars anterior Hematoxylin and eosin , X 300 


necropsy presented no essential differences and are described together The sections 
of the material from the nose showed certain variations, which are discussed 
separately 

The nucleus of the type cell was round and contained a moderate amount of 
chromatin The cj'toplasm took a light stain, which appeared uniform until it 
was studied with the highest power microscopic objective, then fine granules, 
neutral m staining reaction, could be resolved The cell wall vas more distinct 
than that of the usual chromophobe cell The cvtoplasm of occasional cells con- 
tained clear vacuoles (fig 11) These usually occurred singlj, though in some 
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cells the c 3 toplasm was filled with %aciiolcs (fig 12) 'J he cells with eaciiolatcd 
cjtoplasm were scattered rather uniforniK throughout the tumor and were not 
associated with areas of necrosis E\en when \aeiioles were not present, there 
was considerable -variation in cell si/c and shape Mitotic figures were present 
in moderate numbers throughout (figs 11 and 12) No ehromophihc cells W'cre 
seen 

Although the tumor was nchh cellular, there was in manv areas a tendenev 
tow'ard arrangement of tumor cells in small masses (figs 13 and 14) Among 
the cell masses were strands of connective tissue, loose in texture and dififerent in 



Fig 14 (case 3) — Photomicrogi aph of an area in which there were numerous 
vacuolated cells (See figs 11, 12 and IS) Note the coarse connective tissue 
separating the closely packed groups of cells from one another Hematoxvlin and 
eosm , X 300 


character from that of the normal pituitary bodj Onlj^ seldom were the cell 
groups penetrated even by the smallest collagen fibers (reticulum) This stroma 
did not resemble dural connectiv^e tissue and was defimtelj' not old connectiv^e tissue 
included by the extending tumor Moderate numbers of small capillaries were 
scattered through the tumor, but they also seldom penetrated into the cell masses 
The dural margin was rather uniform along the tumor edge , no small clusters 
of cells extended into it One large vessel in this region showed marked 
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endothelial proliferation, but elsewhere the walls of vessels were normal There 
was no intravascular growth of neoplastic tissue Extensive necrosis and some 
hemorrhage were found in the tumor, part of the latter being postoperative 



Fig IS (case 3) — The edge of the intranasal projection of the tumor is shown 
The nasal mucosa is intact Just beneath it are closely packed tumor cells, most 
of them vacuolated Hematoxj Im and eosin , x 900 


The material reino\ed from the nose in Turke\ was somewhat different in 
appearance The superficial surface was covered by ciliated epithelium, vhich 
was intact in most places (fig 15) but showed here and there small ulcerated 
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areas In the latter areas the edge of the tumor extended to the surface, but 
m other places it was separated from the normal mucous membrane by a narrow 
band of collagenous connective tissue The tumor cells were grouped in discrete 
masses, separated from one another In strands of connective tissue This stroma 



Fig 16 (case 3) — Photomicrograph to show the behavior of the stroma at 
the edge of the tumor Foot’s method for reticulum , X 300 

was derived from the connective tissue of the nasopharynx Figure 16 gives 
an indication of the basis for this statement, though the conclusion was reached 
only after study of many sections stained in various ways The original connec- 
tive tissue consisted of bundles of closely packed parallel wavy fibers, which stained 
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dark red with van Gieson’s stain but were not impiegnated by Foot’s method 
for reticulum The stroma of the tumor was more delicate m texture and was 
deeply impregnated by the silver method In places where continuity between 
the two could be seen, the new connective tissue grew out of the old irregularly 
and extended in all directions from the parent tissue The individual cells in the 
nasal extension were much like those of the center of the tumor, though the per- 
centage of vacuolated cells was higher in the material from the nose Mitoses 
were frequent in this portion Unfortunately, none of the material was fixed 
suitably for glycogen stains, and the specimen was too old when this study was 
undertaken to permit the use of reliable fat stains Therefore it was impossible to 
determine the content of the vacuolated cells by selective staining methods 


COMMENT 

The foregoing pages contain descriptions of thiee unusual tumois 
arising from the chiomophobe cells of the pituitary body The patients 
would be exceptional among those suffering fiom pituitary tumois if 
only for the maiked depaiture of their clinical course from that of 
patients with the syndromes usually caused by such lesions The com- 
mon characteristics which tend to set then tumois apart from the usual 
variety of chromophobe adenoma are then short history and the evidence 
of rapid extension into both the bone and the neighboring brain sub- 
stance A more detailed considei ation of the gross and micioscopic 
appearances of the three tumors and of ceitain tumois desciibed in the 
literatuie points to the conclusion that they repiesent a small but distinct 
group — the malignant chiomophobe adenomas of the pituitary body 
They possess many of the criteria used by geneial pathologists m the 
diagnosis of malignancy in a tumoi of any oigan Yet they do not 
metastasize if, indeed, the case of Dott, Percival Bailey, and Cushing ^ 
is excepted This case is discussed later What is a tumoi to be called 
which IS locally malignant but which rarely, if ever, metastasizes^ We 
have chosen to use the term “malignant adenoma” rather than “adeno- 
carcinoma,” the only two apparent alternatives unless a term be coined 
The use of the term “malignant adenoma” bungs the classification of 
the tumors in line with that used by Cutler and Gross for tumors of 
nerve sheath origin They have called the entirely encapsulated lesion 
neurofibroma, the locally invasive tumoi malignant neurofibroma and 
that producing widespiead metastases neurofibrosarcoma The malig- 
nant adenoma of the pituitary body and the malignant neurofibioma 
each represent neoplasms which are locally invasive but which do not 
produce distant metastases 

We return to the histologic characteristics of this gioup of tumors 
In the type cell the cytoplasm is abundant, but its limits are often poorly 
defined, it is filled with minute granules, which stain very lightly and 
are not stiongly acidophilic oi basophilic The nucleus is round or 


7 Cutler, E, and Gross, R Arch Surg 33 733, 1936 
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oval, usually with one pi omincnt nucleolus These ai e all characteristics 
of the familial chiomophobe cells of the noimal pais anteiioi and of 
the usual type of chiomophobe adenoma In the 3 cases discussed here, 
howevei, the individual cells diveiged in ceitain respects fiom this 
pattern Many cells weie laigei than noimal chromophobe cells, while 
some weie consideiabl}’- smaller than the noimal ones On the vhole, 
the tuinoi cells weie closely packed in broad sheets and iiiegulai masses 
In case 3 theie were vacuoles in the c}toplasin of many of the tumor 
cells in all paits of the neoplasm but especially in those m the intianasal 
portion (figs 11, 12, 14 and 15) Similai \acuoles vere found in a few 
tumoi cells in case 2 but not in case 1 oi in the 81 cases of benign 
chromophobe adenoma of the pituitary bod} lepoited pieviously® The 
\acuoIes \aiied in size fiom small dioplets (as in the cell near the centei 
of fig 11) to a size so laige that seAcial occupied almost the entne 
cytoplasm (fig 12) Vacuoles weie not found within the nuclei 
Studies have failed to demonstiate the exact nature of these cytoplasmic 
dioplets Cells containing the Aacuoles showed no evidence of fiagmen- 
tation 01 nucleai disintegration, which makes it unlikel} that the vacuoles 
weie the lesult of cell degeneiation In all tumoi s of this series mitoses 
weie seen in moderate numbeis In some chromophobe adenomas of 
the usual type, a few mitoses can be found after seaich However, the 
mitoses in the tliiee tumoi s to which this study is devoted were scattered 
thiough all paits of the tumoi s in gieatei numbeis Theie vere, hov- 
evei, a few foci in which mitoses weie especially numerous, the only 
characteristic which seemed to display significant variations in difierent 
parts of the tumors Cell type, aiiangement and stiomal relationships 
retained that umfoimity which has been illustiated in a pievious paper® 
In summaiy, then, the cells in all three tumors vere derived from the 
chromophobe elements of the pais anteiior but difiteied fiom them and 
from the cells of the usual chiomophobe adenoma in \aiiation in size, 
with a tendency to be laigei than normal, in iriegulaiity of arrangement 
and in the frequency of mitotic figures These are cellular characteristics 
commonly regaided as suggesting lapid growth in any tumor 

The character of the stioma in the thiee tumoi s undei consideration 
seemed even more definitely to indicate that they should be set apait 
from the usual chromophobe adenomas The chiomophobe cell is an 
epithelial cell As such, it must be in close i elation to a supporting and 
nutritive stroma This, it should be boine in mind, is just as essential 
for the growth of neoplasms oiiginatmg fiom epithelial cells as it is 
for noimal development Now general pathologists have long recog- 
nized that the stroma called forth m a malignant tumor of any organ 
differs from the normal stroma of that oigan Any stiuctural peculiaiity 


8 Schnitker, Cutler, Bailey and Vaughan, ^ figures 1 to 4 
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01 aiiangemeiit of fibeis peculiai to the stroma of the oigan in which 
the tumor takes oiigin is suppiessed or disappears entiiely As a result 
of these changes, the stromas of caicmomas aiismg in such diverse 
sti uctures as the endometi lum and the epithelium of the hreast tend moi e 
nearly to resemble each other than to simulate the appeal ance of the 
original stromas In each of the 3 tumois under discussion the stioma 
was more iiiegulail}'- distiibuted, coaisei and more lefractile than that 
of the normal pais anteiioi or of the usual chiomophohe adenoma 
Figures 13 and 14 show the dense connective tissue stioma and the 
tendency for it to sepaiate the tumoi cell masses from one anothei 
Paiticular caie was taken to be certain that this change in character 
of the stroma was pi esent m various pai ts of the neoplasm and to exclude 
the possibility that the coaise, lefiactile fibeis could have been a pait of 
the connective tissue of the dura included m the expanding tumor At the 
edge of the neoplasm in cases 2 and 3 theie was definite evidence 
that the stroma was derived fiom the connective tissue of the organs 
infiltrated by the tumoi and that it was not cairied foiward by the 
tumoi The power to stimulate the giowth of connective tissue in a 
legion distant fiom the site of oiigin of a tumor is an indication of 
malignancy The edge of the neoplasm m case 1 could not be studied 
because only biopsy mateiial was available 

There is little of special note in the airangement and appearance of 
the blood vessels in malignant chromophobe adenomas They aie very 
vascular tumois, but so are the benign chromophobe adenomas Theie 
IS no special relationship of cells to blood vessels as in the sinusoidal type 
of benign adenoma® In this material theie was no instance of intia- 
\asculai growth of tumor Though the tumois weie highly vascular, 
theie were numerous laige areas of necrosis The neciotic areas showed 
complete destiuction of tumor tissue, often with evidence of old hemor- 
rhage as well as that incident to the suigical piocedure 

It may be seen fiom this discussion that the segregation of malignant 
fiom nonmalignant chromophobe adenomas has been made independent 
of the size of the neoplasm On the other hand, it is to be expected 
that the more rapid and infiltrative the mannei of growth, the largei 
the tumor will be by the time the patient piesents himself at the clinic 
This IS borne out in the leasons given by the patients for consulting 
a physician In case 1 the presenting symptom was difficulty in vision, 
just as it IS in most cases of benign chiomophohe adenoma In case 2 
the patient was fiist tioubled by headache and some difficulty in vision, 
but neither were severe enough to make him come to the clinic, he 
vaited until he had an uncinate seizure In the third case the first 
svmptom which the highly intelligent patient legarded as significant 
was nasal obstruction Thus attention was fiist directed in 2 of 3 cases 
toward a mass of tumoi ^vhich was the result of extension of the giowth 
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beyond the legioii of the sella tuicica — in the hist instance, into the 
tempoial lobe, and in the second, into the nasophaiynx 

The infiltiative chaiactei of malignant chiomophobe adenoma is well 
indicated by the extent of destiuction of the skull Erosion of the sella 
tmcica IS common with all pituitary tumois except the smallest, and 
many of the neoplasms arising fiom chromophobe cells which we classify 
as benign aie associated with considerable imohement of neighboring 
portions of the skull In each of the 3 patients of this group, howerer, 
there was wide destruction of the skull bones, which seemed to offer 
little resistance to the tunioi (figs 5 and 10) Such fiee invasion allows 
the tumoi to spiead out moie icadily than a trimoi of the benign type 
Accoidingly, the symptoms leferable to m\ohement of the sellar region 
per se are apt to dc^clop later and to be less sti iking when the lesion 
IS malignant than ^^hen it is benign 

The loentgenogiams of patients with malignant chromophobe 
adenoma sometimes show clouding of the sphenoid sinus, indicative of 
extension of the tumor there, as in case 3 This and the destructne 
character of the sellar lesion are valuable aids in the preoperative dif- 
ferentiation of the malignant fiom the benign adenoma of chromophobe 
type 

It is evident that a tumor of the pituitary body which so widely 
invades the sphenoid bone and neighboiing parts of the skull must come 
into direct relation with impoitant vessels and nei\es The optic tiacts 
aie usuall)'’ pushed upward by an expanding pituitary tumor of any type 
This may be somewhat less noticeable in some patients with malignant 
chromophobe adenorua because of the freer extension of such a tumor 
into the skull bones and surrounding structures (for example, case 2) 
The tumor also comes m close contact with the internal carotid artery 
and the cavernous sinus The benign chromophobe adenoma tends 
usually, but not always,^ to push aside these important structures, while 
the malignant one may be expected more frequently to incorporate these 
vessels within the advancing neoplasm This was well shown in the 
postmortem material m case 2, m which the tumor cells extended into 
the adventitia of the internal caiotid artery but did not involve its media 
In case 3 this sort of extension led to a situation which precipitated an 
operative fatality While there is no instance m this senes, further 
growth m this location might well result m occlusion of the internal 
carotid artery and consequent encephalomalacia, especially if the circle 
of Willis was compressed at the same time Cranial nerves of the region 
about the sella turcica other than the second may be in\olved by the 
tumor in such a way that the)’’ become ensheathed by the neoplasm 
The continuity of individual neive fibers is usually preserved (fig 7), 
but furthei involvement of this kind serves to explain the cranial palsies 
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which occasionally accompany a ttimoi of this type The semilunai 
ganglion was invaded by the tumoi in case 2 Its architecture was partly 
disrupted, but the neive elements showed little, if any, neciosis 

When the malignant adenoma glows upward, it has fiee access to 
the temporal lobe Heie the tumor may foim a secondai}' mass largei 
than the giowth in the legion of the sella turcica It is important to 
bear in mind that the two masses are connected by a budge of neoplasm 
and that the involvement of the temporal lobe is by extension and not 
by metastasis The tumor budge m case 2 is illustiated m figuie 6 
The involvement of the temporal lobe bungs on a change m symptoms 
As pointed out by Spillei,® careful neuiologic study of patients with 
this type of lesion enables one to predict the extent and relationships 
of the tumor with great accuiacy He pointed out that the well known 
uncinate syndrome is the lesult of a lesion causing nutation and, 
furthermore, that destruction of the uncinate region leads to homolateral 
anosmia and agusia, progressive paialysis of the opposite side of the 
body and other symptoms, depending on the extent of the lesion The 
importance of recognizing the possibility of extension into the temporal 
lobe is emphasized by the fact that the symptoms indicative of involve- 
ment of the uncinate legion may be inoie sti iking than those of the 
original tumoi In such instances as case 2, the disci epancy between 
the symptoms caused by the primary giowth and those caused by the 
temporal extension has led to operation diiected toward the extension 
and not toward the primaiy growth 

This IS not the place for a discussion of the differential diagnosis 
of chromophobe adenoma of the pituitaiy body as a whole Reference 
IS made to the papers of Biggait and Dott,’^® which contain a full dis- 
cussion of this topic There are a few special problems in differential 
diagnosis which must be discussed in this papei because they attain 
particular prominence in chromophobe adenoma of the malignant type 
Methods for diffeientiatmg the benign from the malignant adenoma 
have been suggested m various places but may be summarized here 
Ocular symptoms are frequently earlier and moie severe m the presence 
of a benign than m that of a malignant adenoma because of the tendency 
of the lattei to spread more freely outside the confines of the sella 
turcica Attention is frequently attracted fiist to a malignant chromo- 
phobe adenoma because of symptoms of its more distant extension, as 
nasal obstruction or an uncinate seizuie Further evidence of the 
piesence of a malignant chromophobe adenoma may be seemed from 
the roentgenogiam, which shows destruction of bone with extension to 
the temporal and even the occipital bones rather than the more localized 

9 Spiller, W Arch Neurol & Psychiat 16 73, 1926 

10 Biggart, J , and Dott, N Bnt M J 2 1153 and 1206, 1936 
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enlaigement of the sella turcica with displacement of adjoining stiuc- 
tuies seen with benign chioinophobe adenoma A soft tissue mass in 
the sphenoid sinus oi m the nasopharynx is, of course, indicative of 
the malignant type of adenoma A ventriculogram may demonstrate the 
piesence of a tempoial tumor, which A\hen combined Avitb evidence of 
enlaigement and erosion of the sella tuicica is piesumptne eMdence of 
a malignant pituitai} adenoma with extension to the temporal lobe 
While the final decision must rest on histologic study, it should be possible 
to decide with a fan degiee of accuiac} whethei a chromophobe adenoma 
of the pituitai} bod} is benign or malignant befoie operation is under- 
taken 

There is one type of tiimoi involving the sellar legion nhich is much 
moie apt to be confused with the malignant than with the benign chromo- 
phobe adenoma, the choidoma Both the malignant chromophobe 
adenoma and the choidoma cause extensive destiuction of the sphenoid 
and occipital bones, and each ma} extend into the nasopharynx The 
mannei of involvement of the cianial nei\es may be much the same in 
both cases How^evei, the chordoma docs not usually give use to 
hypopituitarism 

Carcinoma arising in the lining of the sphenoid sinus and carcinoma 
having its origin in the epithelium of the nasophai}nx must also be 
diif ei entiated fiom malignant chioinophobe adenoma From either of 
these sites caicinoma in unusual cases may glow into the sella turcica 
and destioy the pituitai y body wdiolly oi in part The tissue in the 
nasopharynx or in the sphenoid sinus may lesemble grossly extensions 
of a tumor aiising in the pituitai y body The lesemblance betw'^een the 
caicinoma of the nasopharynx or the carcinoma of the sinus epithelium 
and the malignant pituitai y adenoma is not gieat as a rule Confusion 
arises when the examiner is seeking the oiigin of a large tumor involving 
the sella turcica, the sphenoid sinus and the nasophaiynx We have 
encountered 2 instances in wdiich a tumor involving these three sti uctures 
arose from epithelium of the respiratory tiact One of the patients 
w^as a man of 52 w’-ho suffered from loss of taste and smell, nosebleed 
and protiusion of the left eyeball On examination he was found 
to have bitemporal hemianopia and choked disk Roentgenograms 
revealed erosion of the left clinoid process and of much of the rest of 
the sphenoid bone and the left orbital plate The tumoi w^as demon- 
strated by biopsy to be a carcinoma arising m epithelium of the respira- 
tory tract The tumor unexpectedly showed a very satisfactory response 
to intensive loentgen therapy, and the patient is m good condition 
four years after the biopsy was made The second patient (the follow- 
ing data are quoted fiom the records of the Albany Hospital by permis- 

11 Hass, G Arch Neurol & Psychiat 32 300, 1934 
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Sion of Di A W Wnght) was a youth of 17 who presented progressive 
emaciation and enlargement of the liver At neciopsy theie were many 
discrete nodules of carcinoma in the liver, obviously metastatic The 
only other tumor was a large mass involving the sphenoid bone and 
the pituitary body , the lattei had been destroyed by it The impression 
at the necropsy table was that the neoplasm arose in the pituitary body 
and metastasized to the liver On microscopic examination, however, the 
tumor cells were found to be undifferentiated but bearing no resemblance 
to chromophobe cells A careful search finally showed among them 
certain cells with cilia, which established the relationship to epithelium 
of the respiratoiy tract We believe that the patient mentioned by Dott, 
Percival Bailey, and Cushing - as having a malignant chromophobe 
adenoma of the pituitaiy body which metastasized to the liver probably 
had a tumor similar to the one in the second of these cases In their 
paper they specifically mentioned alveolar airangements of cells resem- 
bling those of the thyroid gland We are hesitant in accepting as malig- 
nant chromophobe adenoma tumors in which there aie large distinct 
alveolar gioupings of tumoi cells In such instances careful study of 
material which has been well fixed and stained will often reveal cuticular 
borders or cilia, either of which make it certain that the tumor does not 
aiise from chromophobe cells Squamous or transitional cell carcinoma 
may also arise in this region, either fiom the nasopharyngeal epithelium 
01 from remnants of Rathke’s pouch 

The differentiation of carcinoma originating in the sphenoid sinus or 
m the nasopharynx from malignant chromophobe adenoma is important 
in determining whether the pituitary tumor ever gives rise to distant 
metastases Carcinoma of the types here enumerated often metastasizes 
to the cervical lymph nodes, lungs, liver and other organs On the other 
hand, m neither of our cases of malignant chromophobe adenoma studied 
at autopsy were there distant metastases even though the primary tumor 
was large A survey of the literature relating to malignant pituitary 
adenoma indicates that the only instance of such a tumor with metastases 
reported was that described by Dott, Percival Bailey, and Cushing,^ 
which, we feel, should be excluded from the group Malignant 
chromophobe adenoma may invade a large area directly, but distant 
metastases have yet to be demonstrated We have not seen implanta- 
tions within the cerebrospinal axis 

The treatment of a malignant chromophobe adenoma presents a 
number of difficult problems Because of the situation of the neoplasm, 
a complete surgical extirpation is impossible Partial removal of the 
giowth, however, can be perfoimed by the same technic as that used in 
dealing with a benign chromophobe adenoma There are several reasons 
why paitial removal of arnalignant adenoma may be less satisfactory than 
that of a benign chromophobe adenoma The wide extension of the 
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malignant adenoma thiough the skull piovides a paitial decompiession 
of the sella tuicica, hence, the impiovement following sellai decompres- 
sion IS gi eater with the benign than with the malignant adenoma Since 
the malignant adenoma gio\\s moic lapidly than the benign, any 
impioA'ement lesultmg from paitial iemo\al might be expected to be 
moie tempoiary Furthcimore, the Icndenc} of the malignant adenoma 
to suiiound the laige blood \cssels about the sella turcica, such as the 
^ cavernous sinuses and the mtcinal caiotid aiterics, makes serious damage 
to them a distinct possibility Suigical exposure of the tumor may be 
necessary for diagnosis and should be done if caieful neurologic study 
and roentgenogiams still lea^e the nature of the lesion m doubt It is 
sometimes possible to lemoie a portion of an intianasal extension of 
the growth foi histologic study, as A\as done m case 3 

Roentgen theiapy is an agent of definite \alue in the tieatment 
of these tumois Oui technic and oui results vith benign chromophobe 
adenoma have been stimman/ed else\\heie® The mateiial at our dis- 
posal does not peimit any final statement as to the ultimate Aalue of 
roentgen therapy m dealing with malignant chiomophobe adenoma 
How'ever, the only patient in whom we have given it a thorough trial 
(case 1) has done so w^ell that w'e are encouraged to tiy it in moie 
cases of this type When the diagnosis can be made w ith certainty from 
clinical and i oentgenologic studies, we suggest irradiation without pre- 
Iiminaiy surgical proceduics, reasoning by analogy from oui lesults 
with benign chromophobe adenoma ® The pi oblem of ti eatment is even 
more difficult when theie is an extension of the tumoi m the temporal 
lobe Suigical attack on the mass m the temporal lobe is a possible pal- 
liative procedure (as in case 2) Roentgen therap}'^ has been successful 
in case 1 so far in conti oiling symptoms wdiich point to ln^olvement of 
the tempoial lobe 

A word of caution is necessaiy m legard to the tieatment of an 
intranasal extension of a grow'^th of this type ^Vhen radium is applied 
to the mass through the nose, the lesult is often a fatality, because of 
the uncontrolled necrosis and subsequent infection 

Malignant adenoma of the chromophobe cells of the pituitaiy bod}' 
thus presents pioblems in treatment which aie dififerent in ceitain 
lespects from those of benign chromophobe adenoma It is, therefore, 
important to separate instances of the malignant type of adenoma into 
a distinct group Only in this way can data be accumulated so as to 
lead to improvement in the diagnosis and treatment of this type 

SUMMARY 

Three cases have been reported in wdnch a malignant tumor arose 
from the chromophobe cells of the pars anterioi of the pituitary body 
These differed clinically from the usual case of benign chromophobe 
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adenoma in the history of rapid piogiession of symptoms and in the 
lapid extension of the tumoi into the skull bones adjacent to the sella 
tuicica, the neighboring brain substance and the nasopharynx The early 
stages of the illness were dominated m the first case by ocular symptoms, 
m the second by uncinate seizuies and in the third by nasal obstruction 

Histologically, the tumors weie characterized by ariangement of the 
tumoi cells m bioad sheets sepaiated fiom one another by a stionia 
which was altered in chaiactei fiom that of the noimal pais anteiioi 
and was in pait derived fiom strucluies at the edge of the tumoi, fai 
from the sella turcica 

Such tumors should be set apart from the usual chromophobe 
adenomas and designated in a distinctive way The term “malignant 
chromophobe adenoma” indicates that they are locally invasive and 
possess certain of the histologic characteristics of malignant tumors 
but do not metastasize either in the ceiebrospinal axis oi elsewhere in 
the body 

The malignant chromophobe adenoma presents certain special diffi- 
culties m diffeiential diagnosis, especially in distinguishing it fiom 
chordoma and caicmoma of the sphenoid sinus oi of the nasopharynx 

The tendency of the malignant chiomophobe adenoma to include laige 
blood vessels in the sellai region makes sui gical approach to it especially 
perilous 

One of the 3 patients showed a very satisfactory i espouse to biopsy 
followed by roentgen therapy, including the control of symptoms pointing 
to involvement of the temporal lobe The other 2 patients, who were 
treated surgically, died 
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A study has been made of the ceiebial cortex of man m ordei to 
determine whethei a piocess of neuionophagia occuis there which is as 
well defined as that repoited recently m the brain of the mouse as a 
result of staivation to the point of inanition, and m senilit} 

An inciease in satelhtosis and a process of “neuronophagia ' have 
lieen desciibed by numeious woikcis witb human tissue in a variet} of 
pathologic conditions, but the piocess of actual ingestion of the neuron 
by the glial cells has not been described, noi aie deal illustrations of 
this process available 

The changes in the Puikinje cells of the cerebellum in the mouse 
fiom youth to senility have been leported in an eailiei papei An 
attempt to compare the changes in the nene cells of rodents and of man 
during the aging process was made m a study of human Purkmje cells 
m 34 autopsies on persons langmg m age from newborn to 83 years 
Biiefly, m old age the Puikinje cells of the mouse and of man showed 
a decrease in the amount of Nissl mateiial, a change from the “cleai” 
type of nucleus to the “basophilic” type and a loss of the smoothness 
of contour of the cell body 

Observations on the pyramidal cells of the ceiebial coitex in the 
senile mouse have shown a decrease in Nissl material, a change 
from the “clear” to the “basophilic” pioperty of the nucleus in these 
cells, and instances of apparent neuronophagia, an actual ingestion of 
the nerve cell by the glial cells 

( 

It has been, however, the demonstration of active neuionophagia in 
the cerebral coitex of mice starved to inanition which has made it 

From the Department of Anatomy, Baylor University College of Medicine, 
Dallas, Texas (Dr Andrew), and the Department of Pathology, University of 
Georgia School of Medicine, Augusta, Ga (Dr Cardwell) 

1 Andrew, W (a) J Comp Neurol 70 413, 1939, (b) Ztschr f Zellforsch 
u mikr Anat 25 583, 1936, (c) 28 292, 1938, (d) Am J Anat 64 351, 1939 
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possible to describe this piocess as one of lysis and ingestion of the 
nerve cell and further has enabled us to recognize the stages in the 
process in senile mice and in the present study on human material 

MATERIALS AND METHODS 

In the present investigation sections of human cerebral cortex and of cerebellum 
from 25 persons have been studied The causes of death of these persons were 
varied, but it has been hoped that differences due to the specific pathologic con- 
dition of each person at the time of death w’ould be overridden by the use of 
tissues from a large number of persons Previous work with the Purkinje cells 
had tended to show also that the age of the subject is usually a more important 
factor in determining the appearance of the nerve cells than is the particular 
pathologic condition causing, or contributing to cause, death 

An attempt was made to avoid grossly abnormal areas, and when practical 
the right cerebral hemisphere was used, in order to insure uniformity In all 
but a few of the cases two sections were taken from the cerebral cortex one 
from the motor area and the other from the occipital lobe The specimens of 
cerebellum were taken from the lateral hemispheres All material was fixed in 
solution of formaldehyde U S P (1 10), usually within three to seven hours after 
death The tissue was then dehydrated in the alcohols, cleared in xylene, infiltrated, 
and embedded in paraffin blocks In all cases a detailed gross and microscopic exami- 
nation was made of the remaining viscera 

The blocks of tissue from the frontal cortex, occipital cortex and cerebellai 
cortex were sectioned at 8 microns and mounted on slides The sections from 4 
persons, usually of widely varying ages, were earned through the process of 
staining m the same glass slide tray, constituting a “series,” in which a direct 
comparison as to staining qualities of the cells is readily made All material 
was stained in a 1 5 per cent aqueous solution of cresyl violet for a period of 
seventy-five minutes 

Opinions as to the staining properties of the cytoplasm and nuclei, the shape 
of the cell body and the amount of satellitosis could be formed by a more or 
less superficial observation of the tissue under low power It was felt, however, 
that a quantitative investigation was much to be desired 

For this purpose 100 cells from each region of each subject studied were 
carefully examined under the oil immersion lens (N A = 1 8) of a Bausch and 
Lomb monobjective binocular microscope (magnification, 970) These cells were 
classified according to the amount of Nissl material in the cytoplasm, the 
staining quality of the nucleus and the number of satellites in contact with the 
cell body 

Stages m neuronophagia and the relative frequency of their appearance were 
noted and recorded 

The data on the degree of satellitosis were obtained by a count of the glial 
cells in contact with the body of each nerve cell Both microglial and oligoden- 
droglial cells were included in this count, and a differentiation was not attempted, 
as the relative roles of the two types are still obscure and their distinction with 
Nissl staining probably not accurate Only cells in contact with or encroaching 
on the body of the nerve cell were counted Those touching the dendrites or 
axons were not included 

The method of making an observation on the cerebral cortex consisted in 
focusing on a particular part of the section from the region being studied, 
classifying the large pyramidal cells in this field as to number of satellites, then 
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passing to the immediately adjacent region m a direction jiarallel to tlie surface 
of the gvius, classifying the huge pyramidal cells here, and continuing m this 
way until 100 cells had been classified In the cerebellar cortex we simply 
followed the outline of the granular la\ei until 100 Purkmje cells had been 
observed and classified as to the amount of Nissl material and the staining 
propel ties of the nucleus 

OBSLRVATIONS 

A study of the layeis of the cerebral toitex reveals that definite 
neuronophagia is easily demonsliable in main of the specimens, and 


Iaiiii 1 — Maltital of hn'i ^liyahom 


Sul)jcrt 

Age, 

'ionr'- 

Race 

fcc\ 

Canto of Dtnth 

1 

7 

Negro 

cT 

Atule rliLumntit fc\er 

2 

12 

■UTiitc 

d 

Anterior pollomjclitis 

S 

19 

Negro 

d 

'rriinstcrBO myelitis (fractured etnital \erttl)ra) 

4 

20 

Negro 

$ 

Sicklemia 

5 

25 

Negro 

9 

Ucmorrlinglc meningitis following mnphar=cn 

0 

35 

Negro 

d 

Cerebral hemorrhage 

7 

38 

Negro 

d 

Hjpertcnslic ncpliritls, uremia 

s 

3S 

Negro 

d 

'ruberculoma of pon*! tulierculous mtnlngitl' 

9 

40 

Negro 

d 

Hjpertcnslon and cerebral hcmorriiagc 

10 

43 

Negro 

9 

Acute pulmonary edema (pneumonic) 

11 

45 

Will to 

d 

Acuto alcoholism 

12 

43 

Wliitc 

d 

Dementia paraljtlca 

13 

40 

Negro 

d 

Doincntla paraij tiea 

11 

4S 

White 

9 

Old cerebral infarct 

15 

49 

Negro 

d 

Traumatic injury of brain 

1C 

T) 

Negro 

d 

Cerebral hemorrliagc 

17 

50 

While 

d 

Cerebral thrombosi'- 

IS 

CO 

Whitt 

d 

Cerebrospinal ‘•vphili*- 

19 

03 

Negro 

d 

Lymphogranulomatous ‘•Iritlurt of ri(tuin 

20 

01 

Whitt 

d 

Cardiac failure 

21 

07 

Negro 

d 

Cerebral hemorrhage hypertension 

22 

09 

White 

d 

Bacterial endocarditis witli embolic iiifarct= of 

23 

70 

Negro 

d 

meninges, spleen and kidneys 

Coronary occlusion 

24 

75 

Negro 

9 

Hypertensive nephritis, uremia 

21 

so 

Negro 

d 

Traumatic pneumonia 


* Tho subjects from whom brain tissue was obtained at autopsy are numbered consecu 
tively in the first column in the order of age at the time of death In the second, third and 
fourth columns arc given the age, race and sex of each subject, for instance, 7, Negro, tf 
indicates a 7 year old Negro male, 45, white, cT, a 45 year old white male In the fifth column 
IS given the cause of death as listed in the autopsj charts 


With some searching, in the majority of them It is m the layer of 
polymorphic cells, just below the layer of laige pyramidal cells, that 
the most active phagocytosis is seen to occui 

In specimens 1 to 8, inclusive, we find neuronophagia infrequently 
and only after diligent search In these specimens the process, when 
seen, is similar m all respects to the process as we have studied it in 
young mice which have been starved to inanition It consists in an 
encroachment by the glial cell, usually a solitary cell, on the substance of 
the neuron, in a widening crescent, the body of the glial cell growing as 
the substance of the nerve cell disappears and is ingested In specimen 
8 it IS possible to find more than one stage of the process in a single 
field among the polymorphic cells, under the oil immersion lens 
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(fig 1 5) By proper focusing the actual outline of the clear cell body 
of the glial cell can be made out quite leadily in these Nissl preparations 

In man, as in the mouse, the nucleus of the neive cell appears to be 
the most resistant cell oigan and often lemams, enclosed m a thin 
crescent of cytoplasm, when nearl}^ all of the cell body has been 
phagocytosed 

The process heie, as in the mouse, appears to be essentially one of 
lysis followed by ingestion Howevei, in the end stages, as m the cell m 
the upper part of figure 1 B, there is sometimes at least an appearance 
as though the glial cell had engulfed the remaining formed portions of 
the neuion without lysis 

In specimens 9 to 18, inclusive, neuronophagia is found considerably 
moie frequently than in the preceding specimens In these specimens 
the nerve cells moie often are being phagocytosed by a group of glial 
cells, encioaching on the neuion from all sides There are, however, 
still many instances in which only 1 oi 2 ghal cells are taking part m the 
process 

In specimens 19 to 25, inclusive, neuronophagia is much moie 
abundant than in the aforementioned specimens In some of these 
specimens, particularly in 21 and 25, often seveial instances of neuiono- 
phagia may be seen in a single field in the layer of polymorphic cells, 
under the oil immersion lens In these 7 specimens the neurons being 
phagocytosed almost invariably aie being attacked by several ghal cells, 
which sometimes form a ring about the cell body and at other times 
encioach on it predominantly fiom one side or the other In figure 
1 ^ a nerve cell is being attacked by such a group of ghal cells, 3 of the 
cells destroying the cell body on one side, a single cell acting on the other 

Among the nerve cells being phagocytosed in any of the age groups 
described there are large numbers which have by no means lost their 
typical structure The nucleus and nucleolus may remain apparently 
intact even until the cell body has vanished almost completely, and a 
nerve cell m process of being destioyed fiequently shows definite Nissl 
bodies 

The chief difierences in the amount of neui onophagia occuiring in 
the layer of polymorphic cells and in the type occurring, i e , whether 
1 or 2 or a group of 3, 4 or 5 ghal cells are active in the phagocytosis 
of a single neuron, aie more closely correlated with age than with any of 
the other differences among the 25 subjects These age differences 
resemble those seen in the mouse In the brains of young healthy mice 
neuronophagia is not seen When, however, neuronophagia is induced 
by starvation to the point of inanition, the process of ingestion of a 
whole neuron usually is accomplished b)^ a single ghal cell In senile 
animals, adequate!} fed, neuronophagia can be found in many instances 




Explanation of Figure 1 

A, a nerve cell from the layer of polymorphic cells of the cerebral cortex 
of an 86 year old man, specimen 25, in process of being phagoc 3 dosed by four 
glial cells, the outlines of which can be seen clearly Nissl preparation, X 2,500 

B, two nerve cells from the layer of polj^mcrphic cells of the cerebral cortex 
of a 38 year old man who died of widespread tuberculosis (specimen 8) The 
cell above has been phagocytosed almost completel}', and the large, “swollen” 
body of the glial cell can be seen The cell below has been only partially 
phagocytosed, the nucleus and nucleolus being still visible NissI preparation , 
X 1,000 

C, nerve cell from the polj'morphic layer of the cerebral cortex of the same 
subject (specimen 8) The cell is partially phagocytosed by a glial cell, the 
clear cell body of which can be seen invading the cytoplasm of the neuron Nissl 
preparation, X 1,000 
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and IS of the type in which seveial ghal cells attack a single neuron In 
staived senile animals this process is gieatly accentuated, but in nearly 
all cases several ghal cells attack a single nei ve cell 

Neuionophagia was found to be fai less active in the layeis superfi- 
cial to the layer of polymorphic cells Satelhtosis is present as a 
noimal featuie in the layei of laige pyiamidal cells but in those biains 
in which neuionophagia was veiy abundant, the degiee of satelhtosis, as 
judged by low powei observation, was definitely inci eased Instances 
of actual phagocytosis of the laige pyiamidal cells in such biains could 

Table 2 — Data on Laige Pyiamidal Cells of the Motor Coitev 





100 Nerve Cells Grouped According 
to Number of Glial Satellites* 
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* Under the heading- “100 ^er\e Cells Grouped According to Number of Glial Satellites” 
there are found in the “0” column the number of nerve cells ivith no satellites, in the “1” 
column the number ivith one satellite, and so on 


be found, but were many times less fiequent than among the poly- 
moiphic cells 

It was thought desirable to obtain some quantitative check on the 
degree of satelhtosis In tables 2 and 3 are given the data on the large 
pyramidal cells classified as to the number of ghal satellites in contact 
with them A study of the tables shows, in spite of the considerable 
degree of variation, that there is a maiked increase in the average 
amount of satelhtosis in the oldei persons as compared with the 
youngei Thus in the motoi coitex (table 2) in the 7 peisons under 
40 years of age the average number of satellites found in contact with 
the bodies of 100 large pyramidal cells studied is 37 In the 8 persons 
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of ages fiom 40 to 60 yeais, inclusive, the a\eiage nuinbei of glial 
satellites is 49 In the 7 persons of ages 63 to 86 }eais, inclusive, the 
average number is 58 

In the occipital coitex the aveiage numbei of satellites in peisons 
Lindei 40 years of age is 39, in those fiom 40 to 60 years, inclusne, it 
is 44, and m those fiom 63 to 86 years, inclusive, it is 57 It does not 
seem piofitable to attempt to explain the individual differences in the 
degiee of satelhtosis among peisons of the same age group, but we do 
see 111 both fiontal and occipital coitex a definite increase in the degiee 

Table 3 — Data on Latgc Pyianttdal Cells of iUc Occipital Coilcv 
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* Under the heading “100 >cr^e Cells Grouped According to Number of Glfnl Satellites” 
there are found m the “0 ’ column the number of nerve cells ivltli no satellites, in the "1” 
column the number Tilth one satellite, and so on 


of satelhtosis with advancing age in these peisons It seems piobable 
that this inciease m satelhtosis is definitely i elated to the increase in 
neuronophagia 

The amounts of Nissl material in the laige pyramidal cells of the 
cerebral cortex and in the Purkinje cells of the cerebellum show a \ery 
large degree of difference among persons even of very neaily the same 
age, as we might expect in dealing with such varied pathologic condi- 
tions How^ever, with a single ver}'^ notable exception, the senile peisons 
shoAv a relatively very large number of hj^pochromatic cells The excep- 
tion IS the oldest specimen of all, that from an 86 year old Negro, in 
which the great majoiity of the nerve cells are chromatic The body of 
this man was described as having been in excellent nutritional and 





Explanation of Figure 2 

A, B and C are photomicrographs from Nissl preparations, X 250 
A, layer of polymorphic cells of the cerebral cortex of a 19 year old man 
(specimen 3) The nerve cells are essentially normal Satellitosis is not marked, 
and neuronophagia is rare 

layer of polymorphic cells of the cerebral cortex of a 67 year old man 
(specimen 21) Satellitosis is marked, and neuronophagia is common 

C, layer of polymorphic cells of the cerebral cortex of an 86 year old man 
(specimen 25) Satellitosis is common and neuronophagia abundant 
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Explanation of Figuke 3 

A, B, C and D are photomicrograplis from NissI preparations, X 250 

A, Purkinje cells of a 12 year old boy (specimen 2) The Nissl granules are 
abundant and the nuclei clear 

B, Purkinje cells of a 75 year old woman (specimen 24) There is little or 
no Nissl material in these cells, and the nuclei are basophilic 

C, layer of large pyramidal cells of a 19 year old man (specimen 3) The 
cells contain considerable Nissl material 

D, layer of large pyramidal cells of a 75 year old woman (specimen 24) A 
large proportion of the cells are hypochromatic 
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muscular condition at the time that it came to autopsy Whether this 
general condition may be the explanation of the condition of the neive 
cells, we cannot say Ceitamly it has been shown that it is possible for 
a senile person to have a majoiity of neive cells with abundant Nissl 
material 

There is an incieasingly larger number of nuclei with basophilic 
staining propeities in the older persons To this statement, our oldest 
subject IS, however, again an exception 

In the majority of the subjects the relative numbeis of chromatic 
and hypochromatic cells seen in the motor area, in the occipital cortex 
and in the cerebellum coriespond faiily closely Thus the condition of 
cells throughout the brain at the time of autojDsy seems to be very 
similar m any given person 

No evidences of neuronophagia aie seen m the cortex of the cere- 
bellum nor IS there an}'’ increased satelhtosis about the Puikmje cells in 
senile persons 

COMMENT 

The most impoitant conclusions from the piesent study are that 
neuronophagia occuis m the ceiebial cortex of man and that the process 
IS essentially similar to that which is induced in the mouse by starvation 
Neuronophagia has been found to some degree m the layer of poly- 
morphic cells and to a lesser extent m the more supeificial layers of the 
cortex in the majoiity of the pathologic specimens examined The 
most abundant neuronophagia was found, however, m the senile brains 

We have been unable to find any earlier work m which a clear 
demonstration of the process of nemonophagia in the human cerebral 
cortex has been made Glial proliferation m the senile brain has, how- 
ever, been noted by several other workers The question which has 
not been answered by the earlier workers appears to be what such glial 
proliferation indicates, whether it represents merely a substitution, the 
gha taking the place of the degeneiating nerve cells, or whether the glial 
cells are taking an active part m the removal of these nerve cells, perhaps 
even in the destruction of living nerve cells 

Both the earlier and the more recent authois have noted glial 
proliferation in the senile brain, and some of them have spoken of an 
increased degree of satelhtosis Many of these authors, however, have 
concluded that this is purely a substitution or have not attempted to 
interpret its significance 

Recent papers, such as that by Cardona,^ have reaffirmed the 
importance of glial changes as a criteiion of pathologic changes in the 
human brain 

2 Cardona, F Riv di pat nerv 50 141, 1937 
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Gellei stedt,^ who made an extensive study of senile brains, appar- 
ently concuned with eailier woikeis who did not look on increased 
satelhtosis as indicative of neuionophagia He stated (p 332) Die';c 
“Phagosyten,” hesondos do iicfooi RtndemcJiicJito!, u}id von Soigo 
1907 als cine senile li ahantenzelkvuchci iing cikanni zaoidcn (These 
“phagocytes,” especially those of the deeper coitical layeis, weie 
lecognized by Saigo in 1907 as a senile pioliferation of satellite cells) 
He seems to have agieed with the earlier authoi that these cells proba- 
bly aie not phagocytes but simply satellites Gelleistcdt did find that the 
piogressive changes in glial cells, lather than the legressive, are char- 
acteiistic of the senium (ibid, p 401) Die icgicssivc Gliazellvei- 
andermig gehoit mcht zxun seiulen Bildc (The legressive changes m 
the glial cells do not belong to the senile pictuie) 

Belezky ^ also found an mci eased number of mesoghal cells without 
piocesses and with few piocesses (oligodendiogha) both m normal 
senility and m senile pS3'choses 

Gellei stedt found also a definite paiallelism between the degree 
of glia proliferation and the degree of atiophy of the biain, even in 
specific localities m the brain Neveitheless, he e\identl} thought of 
neuronophagia lathei as a conception than as a demonstrable process 
Thus he wrote (p 336) Das Eindiingen van Mikiogha in die Diusen 
del Hiinniide wai iiatiiilicli aiich in nnsicni Mafoial kciii seltencs 
Eieigms cbensozvenig, aiif das Gesamtmaio laJ bczogen, das AiifUeten 
von “Neiiiono’'- iind Gliopliagien, voi allein iin Hii nsianini iind Klein- 
hiininaik (The penetiation of microglia into the diusen of the cerebial 
cortex was of course hkewuse not a laie occurience in our mateiial, just 
as little, in reference to the whole material, as w'as the appeal ance of 
neuronophagia and ghophagia, especially m the biain stem and m the 
cerebellar medulla) 

Muhlmann ® made a study of the glia m the human biain at various 
ages, but did not speak of the occurience of neuronophagia noi even of 
any markedly inci eased degree of satelhtosis 

Einaison and Okkels ® spoke of neuionophagia as occuiimg in the 
cerebral cortex and in othei parts of the biam of a 93 year old woman 
but did not desciibe or figure the process in their papei 

Schukru-Aksel,^ m his study of the biain of "the oldest man in the 
woild,” found great numbeis of a new type of laige ghal cell m the 

3 Gellerstedt, N Upsala lakaref forh 38 193, 1933 

4 Belezky, W K, and Jermolenko, E I Virchows Arch f path Anat 
291 607, 1933 

5 Muhlmann, M , and Mutalimow, B Anat Anz 80 218, 1935 

6 Emarson, L , and Okkels, H Ann d’anat path 13 557, 1936 

7 Schukru-Aksel, J Arch f Psychiat 106 260, 1937 
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ceiebial cortex, basal ganglions, mesencephalon and dentate nucleus 
He wiote (p 263) Merkiumdtg ist abei das Heivoitreten eigenai- 
tigei Ghakerne, die an Psendosklei osezellen eainein Diese Ghakerne 
Sind di eimal so gi oss zvie die noimalen (Noteworthy, however, is the 
emeigence of peculiar glial nuclei, which recall pseudoscleiosis cells 
These glial nuclei are thiee times as large as the normal ones) He did 
not describe these as showing a tendency toward satellitosis noi did he 
describe an inciease m satellitosis by the oidinary, smallei glial cells 
except 111 ceitain legions He did say of the hypothalamus (p 265) 
Man findet Jnci abei Ti abantaeUenaatsainmlimgen uni die Neivenaellen 
heuini (One finds here, however, accumulations of satellite cells around 
the nerve cells) 

Rothschild ® said of the cases of senile psychoses which he studied 
(p 765) “Several cases were observed in which especially severe cell 
losses combined with considerable netiioghal proliferation produced out- 
spoken disturbances of the cyto-architecture ” 

We see, then, that many authors have observed piolifeiation of gha 
in the senile brain, that some have noted inci eased satellitosis and that 
a few have spoken of neuronophagia as a function of the glial satellites 
We feel that as a lesult of the present study we can without hesitation 
affirm that neuronophagia is occuiimg actively m the brains of the 
majority of senile persons We believe also that the increase m satel- 
htosis IS definitely related to the process of phagocytosis How long the 
destruction of a neuron in the senile brain may take, it is as yet impos- 
sible to say, but the indications are that the process may be a veiy slow 
one, certainly as compared with that in starved animals 

The process seen m these senile human brains appeals to be essen- 
tially similai to that pieviously studied in the mouse It consists in 
lysis and ingestion of the neuron by the ghal cells, 1 to 5 or even more 
of these cells taking pait in the phagocytosis of a single large neuron 
Here, as in the mouse, the nucleus is usually the last of the cell parts to 
be ingested 

In man, as also m the mouse, the Purkmje cells appear to be wholly 
immune to any phagocytic action by the ghal cells We have yet to see 
a single instance of an attack on these cells The only author whom we 
have found to speak of any increased degree of satellitosis or of phago- 
cytosis of Purkinje cells is Mannesco,” who stated that such phenomena 
might be observed after injection of bile into tbe cerebellum 

The loss of Nissl material m the cells of both the cerebral coitex 
and the cerebellum was a feature of the senile brains studied in this 
investigation with the notable exception of the oldest of all, that of the 

8 Rothschild, D Am J Psychiat 93 757, 1937 

9 Marmesco, G Ann d’anat path 7 341, 1930 
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86 yeai old Negio Pi edominance of hypochi omatic cells in the ceiebial 
cortex of a woman dead of senility at 90 years of age was reported by 
Robertson and Orr Salimbeny and Gery leported increased 
acidophilia in the ganglion cells, especially in the Puikinje cells, of an 
83 year old woman, together with iiiegulaiity of cell outline, atrophy, 
and degenerative changes in the nucleus Elhs,^“ m his quantitative 
study of the loss of Puikinje cells with advancing age, found degenera- 
tive changes in these cells in senility, including chi omatol) sis and 
atrophy 

Einarson and Okkels ° found that chiomatolysis was a conspicuous 
feature in the brain of a 93 year old woman 

Rothschild ® in a detailed study of 24 cases of senile ps> choses found 
many cells with pale, ill defined Nissl bodies, and in the more se\ere 
cases the Nissl mateiial was alteied to a dusthke material uniformly 
scattered throughout the cytoplasm He also found cell shadows, or 
“ghosts,” to be common He said (p 782) “Equally severe alterations 
may be found in the biains of old persons of normal mentalil} ” 

The author of the most extensive woik on changes in the biain in 
normal senile involution (Gellerstedt has, in spite of the findings by 
the other authois mentioned and by others not mentioned, taken the 
view that hypochromatism of large numbers of cells may not be a 
feature of normal senility, or that in life the noimal senile biain may 
contain perhaps as many chromatic cells as the brain of a younger 
person and that the greatei loss of Nissl material from the cells in senile 
persons may be due simply to the greater vulnei ability of the cells in 
such persons to the damages wrought in the final stages just before 
death He said of the hypochromatic cells (p 270) 

Solche waren nun in den verschiedensten Hirnregionen unsres Materials, und 
zwar in jedem Falle, zu sehen, gar nicht selten aber auch im jungeren und 
jungsten Kontrollmatenal gesunder \vie kranker Individuen Yerf ist also eher 
geneigt, ihiett CharaUei als typtsche seutle Veiandemng sn hestieiten und an 
praagonale Absterbeerschemungen bei Ganghenaellen denken Dass sie jedoch 
iin Senium so besonders haufig sind, konnte mit der grosseren Vulnerabilitat 
alternder Zellen zusammenhangen (Such were to be seen in the most diverse 
cerebral regions of our material, and in every case, and not rarely also in the 
younger and youngest control material of healthy as well as of diseased individuals 
The author is theiefore rather inclined to deny their character as typical senile 
changes and to think of them as preagonal manifestations of the dying process in 
ganglion cells That they are so frequent during senility would be due to the 
greater vulnerability of aging cells) 

Gellerstedt examined a large amount of material, the biains of 50 
persons over 65 years of age, prepared according to numerous technics, 

10 Robertson and Orr J Ment Sc 44 729, 1898 

11 Salimbeny, A T , and Gery, J Ann Inst Pasleui 26 577, 1912 

12 Ellis, R S J Comp Neurol 32 1, 1920 
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and hence his conclusions should be woithy of serious consideration 
We shall note, howevei, that he did find hypochi omatic cells much more 
abundant m the senile material, and the question which he raised is 
How did this greatei abundance come about ^ 

We cannot wholly agree with his answer to this question We 
believe that the large number of hypochromatic cells is a characteristic 
of the average senile brain and not due to changes just before death 
Support for this standpoint is derived fiom a comparative study of the 
brains of animals other than man, killed m a variety of ways In all of 
the work of one of us (W A ) on the mouse the loss of Nissl 
material from the nerve cells is a conspicuous feature of the brain of the 
senile animal The great majority of the animals were killed by decapi- 
tation and the brain removed immediately and placed in fixative The 
time from decapitation until the brain was in fixative was never more 
than thiee oi four minutes, and it is thought unlikely that such striking 
loss of Nissl material as is seen would occur m so short a time Other 
authors (Dolley,^® on the dog, Inukai,^^ on the rat) have found 
increased numbers of hypochromatic cells in the brains of senile speci- 
mens among the lower animals 

We believe that the higher number of hypochromatic cells in the 
brains of older men and women speaks for the loss of Nissl material as 
a phenomenon of the aging process and as a gradual lather than a rapid 
or sudden process 

It does not seem surprising that there should be considerable varia- 
tion in the degree of loss of Nissl material at any particular age when 
we considei the differences in other characteristics of persons in the 
same age gioup An interesting example of this is seen m the report by 
Schukru-Aksel ’’ on the brain of the “oldest man in the world,” Zaro 
Aga, who, according to reliable data, must have been about 130 years of 
age at the time of his death Schukru-Aksel wrote (p 263) Dte 
Gmghenzellen enthdten siemhch gut angeordnete Ntssl-Schollen (The 
ganglion cells contain rather well arranged Nissl material) The 86 
year old man in our series showed, as we have said, abundant Nissl 
material This is, however, we believe, an exception to a rule In this 
man’s brain neuronophagia was very common, as in the other senile 
brains 

The change m the staining properties of the nucleus which leads to 
a great decrease in the number of nuclei of clear type and an increase 
in those of basophilic type with inci easing age is a phenomenon which 
had been noted previously m the mouse and in the Purkmje cells 
of man We have been unable to find this phenomenon described 

13 Dolley, D H J M Research 24 309, 1911 

14 Inukai, T J Comp Neurol 45 1, 1928 
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cleaily as an accompaniment of aging of the nene cell m the papers of 
eailiei woikeis, although Iheie aie some leferences to laigei numbeis 
of hyperchiomatic nuclei m senile persons as in the papei hy Emaison 
and Okkels ° on the biam of an 83 yeai old woman 

Butlei/^ m leportmg on changes in depiession of the neivc cell 
produced by long ether anesthesia, said (p 330) “In depiession the 
nucleus contains inci eased amounts of nucleai mateiials, both chromatin 
and nucleolai substance, coi lesironding to the degiee of depression, 
while the plasma is deficient in chromatin (Nissl substance) ” 

Among all the Puikmje cells examined m human senile biains no 
cells with double nuclei noi any showing amitotic dnisions of the 
nucleus ha\e been found, although such cells aie encountered fiequently 
in the brains of senile mice 

We wish to call attention to the presence of pigment in almost 50 
pel cent of the Puikinje cells in the biain of one of the senile subjects, 
no 24 In this subject many of the laige pjiamidal cells also showed 
pigment Dolley said conceining abnoimal pigmentation in the 
neivous system (p 482) “It is a phenomenon of chionic depiession, 
01 depiessant senility” Haims’" found much pigment piesent m the 
ganglion cells fioni many paits of the nenous s}stem of a woman 80 
years of age 

We have not, howevei, found pigmentation as a constant feature 
in the senile biains which we have examined 

SUMMARY 

Neuionophagia, a jiiocess of lysis and ingestion of the neive cell, 
as demonstiated in the mouse,’" occurs in the human ceiebral coitex in 
senility and in a numbei of pathologic conditions This process is most 
active in the layer of polymorphic cells 

Thei e is an inciease in the degiee of satellitosis about the laige 
pyiamidal cells with advancing age 

A loss of Nissl material and an increase in the basophilic propeities 
of the nuclei aie found in most of the oldei peisons and aie believed 
to be natural phenomena of aging in man 

15 Butler, EE J M Research 34 325, 1916 

16 Dolley, D H J Comp Neurol 28 465, 1917 

17 Harms, J W Zool Anz 74 249, 1927 



Case Reports 


INSULIN HYPOGLYCEMIA AND GLYCOGENIC HEPATO- 
MEGALY IN DIABETES MELLITUS 

Naiiian B Fkieuman, M D , Chicago 

Although the obseivation of inci eased amounts of glycogen in both 
the noimally sized and the enlarged hvet of the diabetic patient is an 
old one, it may be of value to lecord it again since the emphasis in 
1 ecent studies has been on the deposition of fat in such hvei s ^ The 
finding of large gl} cogen-laden livers has led some workers to the con- 
sideiation of such a condition, even when it occuis in a patient with 
undoubted diabetes, as belonging to the categoiy of glycogen storage 
disease (Von Gieike’s disease) - Transitions fiom glycogen disease to 
diabetes are also i ecoi ded 

It is not the purpose of this papei to deny the existence of these 
transitional or mixed forms but to leemphasize the fact that glycogen 
storage may be a pioininent feature of diabetic hepatomegaly The 
cases to be lepoited illustrate hepatomegaly associated with insulin 
hypoglycemia in diabetic patients, and in these cases the hepatomegaly 
was due to stoiage of glycogen rather than to stoiage of fat 

REPORT OF CASES 

Case 1 — (This case is reported with the permission of Drs Joseph Biennemann 
and William G Hibbs ) 

A year old boy was admitted to the Children’s Memorial Hospital (seivice 
of Dr Alvah Newcomb) m coma of one day’s duration after three weeks’ loss of 
weight, polydipsia and polyuria He was comatose, dehydrated and breathing 
deeply and had an acetone breath The temperature at its highest was 101 F 
The blood pressure was 112 systolic and 66 diastolic There were a few rales m 
the lungs and a barely palpable liver 

The urine showed sugar (4 plus) and acetone, and the blood sugar was 500 mg 
per hundred cubic centimeters 

He received insulin in large doses and, parenterally, dextrose solution, saline 
solution and lactate-Ringer solution (as devised by Dr Hartman) During each 
eight hour period following admission he received about 1,000 cc of these fluids 
The amount of insulin given in each of these eight hour periods was as follows 
180, 120, 330, 220 and 200 units (in the first three of these doses 120 units of 
protamine insulin are included) During the last eight hours of his life he received 
no insulin 


From the Department of Pathology of the University of Chicago 

1 (a) Warren, S The Pathology of Diabetes Melhtus, Philadelphia, Lea & 

Febiger, 1938 (6) Marble, A , White, P , Bogan, I K , and Smith, R M 

Arch Int Med 62 740, 1938 (c) Dragstedt, L R, Van Piohaska, J, and 

Harms, HP Am J Physiol 117 175, 1936 

2 (a) Terplan, K , Vogel, S, and Hyde, E Arch Path 26-599, 1938 
(b) van Creveld, S Medicine 18 1, 1939 
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The blood sugar fell at one time to 196 mg and varied between this level 
and 500 mg per hundred cubic centimeters The carbon dioxidc-combining power 
remained low, between 14 and 21 volumes per cent Sugar persisted in the urine 
(4 plus) but acetone later disappeared 

He remained m semicoma and had two episodes of convulsions with iigiditv 
of the extremities Twelve hours before death the blood sugar was 285 mg 
Three hours later spastic opisthotonos developed, and cerebral damage was sus- 
pected A spinal tap showed inci eased pressure, and the spinal fluid contained 
222 mg of sugar per hundred cubic centimeters Thice hours latei, however, the 
blood sugar was found to be 17 and one hour later 30 mg 

He died six hours later despite the fact that the administration of insulin had 
been discontinued and that five doses of 10 to 25 cc of 50 per cent dextrose solution 
had been given intrav'enously in addition to the continuous infusion 

Pathologic Obsetvattoiis (Dr W Pi ice Kilhngsworth) — The body weighed 
26 pounds (11 5 Kg ) and was 37 inches (94 cm ) m length The heart and 
kidneys appeared normal The hv'er weighed 650 Gm (normal, 400 to 500 Gm^), 
was deep red and cut with resistance The pancreas weighed 5 Gm (normal, 
17 to 18 Gm The brain was congested and contained tinv focal meningeal 
hemorrhages 

Microscopic Obscivatioiis — The heart and kidnejs were essentially normal 
The thyroid and adrenals showed no changes 

The liver cells were markedly vacuolated and clear (H m figure) The> were 
laden with glycogen and showed relatively little fat {B in figure) 

The pancreatic acinar tissue appeared normal, but the islets were scarce In 
the body and head the islets were practicallv absent, and only in the tail did thej 
approach the normal size and number Their cellular structure appeared to be 
normal 

Case 2 — A 22 year old man was admitted to the Univ ersity of Chicago Clinics 
(service of Dr Louis Leiter) in March 1935, vvitli hematuria and a painful mass 
in the right side of the abdomen 

Diabetes had been discovered at the age of 15, and he had been followed in 
the aforementioned clinics thereafter At the outset he had required 25 units of 
insulin daily, but later took from 40 to 60 units In February 1934 he had a 
preauncular carbuncle and required up to 80 units daily 

Laparotomy two days after his admission revealed a large pyonephrotic right 
kidney with an aberrant artery across the ureter, and the kidney was removed 
Following this a septic temperature developed, ranging to 103 F , and blood cul- 
tures yielded Staphylococcus aureus There was also bilateral draining otitis media 
His daily intake (orally and by vein) varied considerably, ranging from 50 to 
250 Gm of carbohydrate, with a total caloric value of from 500 to 1,500 Although 
he was given from 40 to 120 units of insulin per day, the blood sugar remained 
high (201 to 470 mg per hundred cubic centimeters), and there was glycosuria 
(to 2 per cent) 

On the fifth postoperative day he had episodes of irrationality and struggling 
Meningitis was suspected, but lumbar puncture gave negative results On the 
twelfth postoperative day his intake had included 130 Gm of carbohydrate (total 
calories, 600), and 60 units of insulin had been given The urine contained no 

3 Coppoletta, J M , and Wolbach, SB Am J Path 9 55, 1933 

4 Gruber, G B , in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1929, vol 5 
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sugai Then bluinng of \ision dc% doped, with a positi\c Babiiiski sign, ngidiU 
of the evtrcinitics and slowncs*- of lespiratjon ujtli periods of apnea On iidra- 
\enoiib administration of 50 cc of SO per eent dextrose solution he regained 
consciousness, Ins muscles idaxed, and respiiatmii became normal, all uitliin fnc 
minutes Between two and three boms later, 20 additional units ol insulin lia\ing 
been given, a similai seizuic oceuned and he died 

Pathologic Ohscivatwns (Di Paul R Cannon) — The bod} weighed 122 jiounds 
(55 Kg ) and was 66 inches (167 5 cm ) in length 1 here were multiple abscesses 
in the remaining (left) kidnej, thiombosis of the left icnal a cm, and abscesses in 
the myocardium, lungs and one epiditomis O he heart weighed 280 Gm 1 he 
aorta w'as moderately atherosclerotic 

The liver w'eighcd 3,100 Gm (normal, 1,500 to 1,700 Gin ) and was smooth, 
pale and translucent The pancicas weighed 47 Gm (normal, 70 to 90 Gm ) Ihe 
brain w'as edematous but revealed no meningitis 

Mici oscopic Obsin'otioni — There were some deposits ot gheogen in the renal 
tubules The th 3 'roid appeared normal One adrenal leic.iled a single small area 
of cortical atrophy 

The markedlj vacuolated hepatic cells were laden with glj cogen (C in figure) 
and contained practicalh no fat The KuplTcr cells weic fatU The pancreatic 
islets were small and not numerous, with the cells showing small daik nuclei and 
poorlv defined scant cytoplasm 

COMJfEN r 

The hepatomegaly m the 2 cases lepoilccl At'as assoctatecl AVitli depo- 
sition of glycogen and may have been i elated to the insulin hypogI>cemia 

Wohhvill® lepoited the presence of laige amounts of gl} cogen in 
the livei of a diabetic patient who died in insulin h}poglycemia 
Dupene and Maupetit ” described an insulin-ti eated boy of 7 ith 
glycosuria and acidosis wdio died in coma and coinulsions (h}pogl}- 
cemic?) and show'ed a 1,030 Gm liver iich in gheogen and containing 
onl}^ small amounts of fat 

Glycogenic hepatomegaly m a diabetic patient without hypoglycemia 
has been reported b}" Biian, Schechtei and Pai sons’ as w'^ell as b\ 
Terplan, Vogel and Hyde,-" although the lattei entitled then leport 
“Prolonged Diabetes Melhtus Culminating m A^on Gieike’s Disease ni a 
Youth of Childlike Habitus ” 

Popper and Wozasek ® repoited seveial cases of diabetes in wdnch 
the liver contained laige amounts of glycogen Kaufmann ” stated that 
occasionally diabetic pei sons showed large collections of hepatic glycogen 
and that their livers Avei e lai ge and heavy W arren desci ibed a 
3,900 Gm liver with a noimal fatty acid content in a diabetic patient 
who died of nephiitis and pneumonia (case of Dr F D W Lukens) 

5 Wohlwill, F Klin Webnsehr 7 344, 1928 

6 Dupene, R , and Maupetit Bull et mem Soc med et chir de Bordeaux 
38 317, 1935 

7 Brian, E W , Schechter, A J , and Parsons, E L Arch Int Med 59 
685, 1937 

8 Popper, H , and Wozasek, O Virchow'S Arch f path Anat 279 819, 1931 

9 Kaufmann, E Spezielle pathologische Anatomic, Berlin, W de Gruyter 
& Co 1931 
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Such observations aie not confined to autopsy material, Stetson and 
Ollier having described a clinical case 

Warren made the following statement 

While it has been generally assumed that the inciease in size and weight of 
the liver in diabetes is due to fat, this does not exclude other factors Enlargement 
of the liver has been shown to be due to glycogen storage, to circulatory changes, 
amyloidosis, metastatic tumor as well as fat Of much importance is the fluid 
content of the liver large amounts of fat in the liver do not preclude the 

presence of normal or even large amounts of glycogen 

All of the physiologic piocesses involved in the deposition of gly- 
cogen are not entirely clear, but in the diabetic organism, in the presence 
of adequate dextrose glycogen is stored in the liver under the influence 
of insulin This may have been the mechanism involved m the reported 
cases 

The panel eas was small oi the islet tissue scanty m the 2 cases 
lepoited here and in several of the othei cases cited,^^ as well as in 
the 2 cases reported by Moore and Bowen and Beck In the latter 

Pancreatic Weights xn Adults with Diabetes 


Weight of Pancreas 



To 

50-70 

70 90 

90-110 

no 130 

130 Gm 


50 Gm 

Gm 

Gm 

Gm 

Gm 

Up 

I'atients with diabetes 

9 

13 

9 

14 

2 

7 

Nondiabetic patients 

0 

C 

22 

12 

8 

6 


instances both patients were young diabetic subjects with convulsions 
(hypoglycemic^) In Biian, Schechtei and Parsons’'^ case, howevei, 
the pancreas was normal 

This finding in the gioup of cases under discussion may have no 
special significance, for Warien^® found the pancreas weighing less 
than 50 Gm in 74 of a series of 449 cases of diabetes (approximately 
16 per cent) In a much smaller series of cases, studied m the depart- 
ment of pathology of the University of Chicago, m which the patients 
were adults, the pancreatic weights, contrasted with those of a control 
group, were as shown in the accompanying table 

It IS inteiesting that the percentage of cases with the pancreas weigh- 
ing less than 50 Gm is 16 per cent, duplicating Warren’s figure 

SUMMARY 

Two cases in which glycogenic hepatomegaly was associated with 
insulin hypoglycemia in patients with diabetes are reported, and similai 
cases in the literature are reviewed 


10 Stetson, R P, and Ohler, W R New England J Med 217 627, 1937 

11 Warren la Terplan and others Duperie and Maupetit ® Popper and 
Wozasek ® 

12 Moore, R A Am J Dis Child 52 627, 1936 

13 Bowen, B D , and Beck, G Ann Int Med 6 1412, 1933 





LIPOID HISTIOCYTOSIS 

Report of a Case with Postmortem and Chemical Studies of the Spleen 


Archie H Baggenstoss, MD , Eowaud F Roscm!F'?g, MD, am) 
Arnold E Ostfrberg, PhD, RocnrsTFB, Minn 

In recent years leports of a somewhat ill defined group of diseases 
characterized by a systemic proliferation of the reticuloendothelial 
system have appeared in the medical literature n ith increasing frequency 
In most of the cases it has been impossible to establish the cause, and, 
owing to the varied clinical and pathologic pictures, it has been difficult 
to classify these diseases satis factonl}' Such attempts have been made, 
however, by Epstein, Jaffe - and others Sacks, m 1938, basing his 
classification on Epstein’s work, listed the following four groups under 
the generic term “histiocytomatoses” , (1) diseases in which there is 
disturbance in the stoiage of hpoid, such as Gaucher’s disease. Niemann- 
Pick disease and the Hand-Schuller-Christian syndrome, (2) infectious 
proliferative granuloma, (3) h 3 'perplasia (reticuloendothehosis, aleu- 
kemic reticulosis), and (4) dysplaslic conditions, including so-called 
endothelioma Perhaps the best defined and delimited group is the first 
The diseases in this category have geneially been considered as disturb- 
ances in lipoid metabolism or storage In this group, the rather clearcut 
clinical and histologic pictures have been augmented by exact chemical 
analysis of the lipoids involved Thus. Gaucher’s disease has been 
designated as ceiebroside lipoidosis, Niemann-Pick disease has been 
called phosphatide lipoidosis, and the Hand-Schuller-Christian syndrome 
and xanthomatosis have been termed cholesterol lipoidosis 

That the reticuloendothelial system is chiefly involved m these dis- 
eases IS admitted by all, as the lipoids are in each instance accumulated 
within the cells of this system Whether the disease rests on a primary 
dysfunction or hyperf unction of the cells of this system or whethei the 
role of the reticuloendothelial S 3 'stem is passive or secondary to some 
other disturbance, such as one of lipoid metabolism, is in dispute and 
will be considered later The relationship of lipoid histiocytosis (Sacks’ 
group 1) to hyperplasia of the reticuloendothelial S 3 '’stem (Sacks’ group 
3) IS also not clear It is possible that this relationship is more intimate 
than IS generally suspected Thus, it should be pointed out that in most 
of the reported cases of hyperplasia of the reticuloendothelial S 3 fstem 
(Sacks’ group 3) the presence of laige mononuclear cells in the organs 
affected is an almost constant observation Explanations as to why the 
cells are large or as to what they contain are seldom given Some 
authors have stated that the tissues involved are negative to stains for 

From the Sections on Pathologic Anatomy and Clinical Biochemistry of the 
Mayo Clinic 

1 Epstein, E Med Klin 21 1501, 1925 

2 Jaffe, R H The Reticulo-Endothelial System, in Downey, H Handbook 
of Hematology, New York, Paul B Hoeber, Inc , 1938, vol 2, p 973 
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various types of fat As a rule, however, chemical studies have not 
been made, and the question as to whethei oi not these large cells contain 
lipoids cannot be settled by staining methods If chemical studies of 
tissues were earned out m all cases of suspected reticuloendotheliosis, 
it might help a great deal in clearing up the relationship of these diseases 
and lead to clearer conceptions as to their genesis 

REPORT OF CASE 

The patient was a young woman, aged 20 years, who was of English descent 
When she registered at the Mayo Clinic, Oct 23, 1038, because of vomiting which 
had been present for the past seven weeks, she was admitted directly to the hos- 
pital No relevant information could be elicited regarding the family Nine siblings 
were well Hei own past history was likewise irrelevant, she had had pneumonia 
at the age of 10 years 

Seven weeks before she came to the clinic she began to have attacks of vomiting 
At times the attacks were preceded or accompanied by sensations of vertigo 
Vomiting increased in intensity Between Sept 15 and 23, 1938, she vomited many 
times daily and also had some fever No cause of this illness could be determined 
by her family physician, but, at the insistence of her parents, an explorator 3 ' 
laparotomy was perfoimed on September 23 No lesions which might explain the 
vomiting were encountered , the appendix, which was the site of slight chronic 
inflammation, was removed After the operation the vomiting persisted, it occuried 
whenever the patient ate, and it frequently was precipitated by quick movements 
The patient had a daily fever which continued until she came to the clime At 
times her temperature reached 102 F Foi two weeks before the patient came 
to the clinic slight epistaxis occurred occasionally On the day of her arrival 
she noted that her urine was bloody 

When the patient was examined, she was very pale and obviously acutely ill 
Her lips were dry and fissuied, and numerous petechial hemorrhages were noted 
about the soft palate, fingei tips and left conjunctival sac The temperature was 
102 F on admission The pulse rate varied from 100 to 148 per minute during 
her stay in the hospital The breasts were not abnormal The heart was enlarged 
to the left There was evidence of congestion at the bases of both lungs These 
findings were corroborated by roentgenologic examination of the thoiax fheie 
was an enlarged spleen There was no evidence of ascites, and the pelvis and 
rectum revealed nothing of importance The systolic blood pressure was 110 mm 
of mercury, and the diastolic pressure was 70 mm 

The specific gravity of the urine was 1 014 There was albuminuria oi grade 1, 
and 12 pus cells appeared in each field of the microscope as viewed under the high 
power obj ective The value for hemoglobin was 6 3 Gm in 100 cc of blood 
There were 2,090,000 erythrocytes and 11,500 leukocytes per cubic millimeter of 
blood The sedimentation rate of the erythrocytes was 120 mm in one hour A 
blood smear disclosed toxic changes, grade 2 to 3, in the polymorphonuclear 
neutrophils, a shift to the left and immature forms of leukocytes extending as far 
back as the so-called stem cells The anemia appeared to be of a secondary t>pe 
The appearance of the smear, including the toxic changes m the polymorphonuclear 
neutrophils and the presence of immature leukocytes, was interpreted as probable 
evidence of a leukenioid reaction, but the possibility that the patient was suffering 
from chronic myelogenous leukemia could not be definitely excluded 

The patient failed rapidly The temperature remained elevated continuously 
and varied between 100 4 and 103 4 F until her death, which occurred October 25 
two days after her registration 
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The body was promptly embalmed, and nccrop'^j was made thiee hours after 
death The body was 163 cm in length and uas estimated to weigh 130 pounds 
(59 Kg) There W'as no e\idence of edema, and the incision in the lower right 
quadrant of the abdomen had healed Numcioiis petechial hemoirhagcs were seen 
in the skin over the anteiior portion of the thora\, aims and legs, and a soniewdiat 
larger effusion of blood was found in the subcutaneous tissues in the midlinc of 
the abdomen The omentum w'as adherent to the .ibdornmal incision and to the 
cecum at the site of the recent appendcctonn Theic was no excess of fluid m 
the abdominal cavit}’^ Appioximately 'ifl cr of clear stiaw-coloied fluid was founn 
in each thoracic cavity Ihe lungs wetc not adheieut Spie.id niegularlj about 
the pleural surfaces of both lungs wetc nunieious small patches of thickening, 
which were w'hitish in appearance and measured 2 to 3 mm in diameter These 
had the appearance of patches of leukemic infiltration The lungs show'cd slight 
edema of the lower lobes, but otherwise thc 3 were esscntiallj normal in appear- 
ance No evidence of tuberculosis, healed oi letue, was encountered The 
pericardial sac contained approximateh 100 cc of clcai \cllow' fluid The heart 
weighed 292 Gm Several minute petechial hemorrhages w’crc noted beneath the 
pericardium about the anterior surface of the left \entricle Yellow'ish subendo- 
cardial streaking m the w'all of the light ventricle ga\e the impression of lipoid 
degeneration of the myocardium Othciwise the heart was not abrioriinl 

The spleen weighed 704 Gm Its surface was giajish white and was speckled 
w’lth white nodules of increased dcnsiti These \aried m sire, some were as laige 
as 4 mm in diametei The capsule itself wms smooth and glistening but otherwise 
was not thickened The small nodules rose slighth above the surface of the 
capsule Multiple similar whitish nodules were distributed widelj about the cut 
surface and had replaced a considerable quantitj of the splenic pulp (fig 1) The 
remaining splenic substance was light led 

The liver weighed 2,570 Gm Its suiface was studded ii regularl 3 ’’ w'lth occa- 
sional nodules, which were as large as 3 or 4 mm in diameter and were similar 
m appearance to those noted m the spleen The gross appearance of the sectioned 
surface was not abnormal 

The marrow in the vertebrae of the thoiacic and lumbar segments of the spinal 
column contained numerous giayish yellow ii regular softened regions which varied 
from a few' millimeters to 3 cm in diameter 

The lymph nodes about the lull of the lungs and about the pancreas, mesentcrv 
and aorta were not enlarged The entire eastiomtestinal tiact and the pancreas, 
kidneys, adrenal glands, ureters, bladder, iitcius, thymus and tliyioid gland were 
normal There were multiple follicular ci'sts m both ovaries Atherosclerosis of 
the aorta, grade 1, was piesent The bram w'cighed 1,147 Gm and appeared normal 
throughout The spinal cord was normal in appearance The pituitary body like- 
wise appeared normal 

Histologic Observations — ^The most significant histologic changes were in the 
spleen, bone marrow, liver, lungs and b'inph nodes 

(c) Spleen Paraffin sections which were stained with hematoxylin and eosin 
revealed almost complete destruction of the normal architecture by a massive 
proliferation of large, faintly staining cells, which appeared as a syncytium in 
many regions (fig 2 A) These cells were present appaiently throughout the 
spleen, and in the grossly visible*grayish white nodules they were the only elements 
to be seen In regions in which the cellular hyperplasia was less advanced the 
proliferating cells appeared to take their oiigin from the cytoplasmic reticulum 
rather than from the cells lining the sinuses Occasional large leticular cells were 
seen lying m the sinuses, however 
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The abundant cytoplasm of the hyperplastic cells was faintly eosinophilic oi 
neutrophilic and contained numerous liny vacuoles which failed to take the stain 
(fig 2 B) The boundaries of these cells were not distinct, and in many regions 
in which the cells were closely packed no definite borders could be seen In some 
cells the cytoplasm extended out into long strands or sail-like piojections, while 
other cells, which were more closely packed, were polj’'hedral or oval In general, 
the cells were large and varied from 10 to 18 5 microns in diameter 

The nuclei, although rather large, appealed small in i elation to the cytoplasm 
They generally measured about 7 microns in diametei Most of them were o\al 
or kidney shaped The chromatin was arranged as a network , there were con- 
densations of it at \anous points which gave the nucleus a granular appeal ance 
The Pappenheim and Domimci methods of staining revealed the delicate nature 



Fig 1 — At the top IS seen a cross section of the spleen, showing nodules and 
hypertrophy, at the bottom, a cross section of a normal spleen 

of the chromatin network and emphasized the vacuolation of the cytoplasm Multi- 
nucleated cells were numerous, and some of them appeared similar to the Sternberg- 
Reed cells of Hodgkin’s disease (fig 2 C) Othei characteristic features of 
Hodgkin’s disease, such as eosinophils, fibrosis and necrosis, were absent The 
homogeneity of the cellular elements tended to eliminate the presence of Hodgkin’s 
disease 

Some of the proliferated cells appeared to have phagocytic ability, as they 
contained erythrocytes and cellular debris In sections which were stained for 
iron many of the cells were found to contain hemosiderin m varying amounts 
In the regions in which proliferation appealed most rapid there was very slight 
or no evidence of phagocytosis 

2a Domimci, M Compt rend Soc de biol 54 221, 1902 
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Sections impregnated with sil\cr by the methods of dc GniaiUha and Biel- 
schowsky revealed a network of reticulum fibers m intimate relationship uith these 
cells In regions in which proliferation of the cells led to the formation of distinct 
nodules these fibers were few in number and verj fine Sections stained by 
Mallory's phosphotungstic acid hematoMlin stain likewise rcecalcd these reticulum 
fibeis 



Fig 2 — A, section obtained from the edge of a nodule in the spleen, hemato\ihn 
and eosm, X 180 B, same section as shown m A, X 1,000 C, giant cells in the 
spleen, hematoxylin and eosin, X 450 D, proliferation of cells in the liver, 
stained with hematoxylin and eosin , X 200 


Frozen sections stained with sudan III and scarlet red did not leveal an}' tat 
The results obtained with the Lorrain Smith-Dietrich stain were inconclusive as 
to the presence of lipoids, but sections stained by Ciaccio’s method revealed small 


3 de Galantha, E Personal communication to the authors 
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yellowish orange droplets in the cytoplasm of some of the cells These are sup- 
posedly indicative of the presence of phosphatides The results obtained with 
Weigert’s myelin sheath stain were negative 

(6) Liver Sections of this organ were interesting, as the proliferating cells, 
although identical m appearance and staining reactions with those of the spleen, 
appeared to arise from the Kupffer cells lining the sinusoids (fig 2D) In sections 
taken from the edge of the nodules which were grossly visible there were definite 
transitions between the Kupffer cells and the hyperplastic elements Some of 
these cells were still attached to the walls of the sinusoids, while others were lying 
free in the lumen In some regions the proliferation was so advanced that the 
sinusoids were distended by solid groups of cells In other regions in which 
the cells retained their connection with the walls of the sinuses the hyperplasia 
had resulted in the formation of pseudoacini 

(c) Bone marrow Sections were obtained from the sternum, vertebrae and 
the petrous portion of the temporal bone The cells were similar in appearance 
and staining reactions to those in the spleen and liver (fig Z A) The staining 
methods of Pappenheim and Dominici demonstrated vacuolated cytoplasm and a 
faintly staining delicate network of chromatin m the nucleus The cells appeared 
to arise from the cells lining the sinusoids and formed solid groups and pseudoacini 
like those seen in the liver Multinucleated cells and mitotic figures were numerous 
In some regions the cellular hyperplasia had completely replaced the normal marrow, 
and there was resorption of the trabeculae Theie was no evidence of anything 
resembling normal hemopoiesis in these proliferating elements In one of the 
vertebrae the process had broken through the cortical bone and had lifted up 
the periosteum 

Touch preparations of sternal and vertebral marrow were also made and stained 
with Wright’s stain and Giemsa’s stain These preparations contained numerous 
large cells with faintly staining vacuolated cytoplasm and nuclei which had a very 
delicate, finely stippled chromatin network The majority of the cells had the 
typical structure of reticuloendothelial cells 

{d) Lymph nodes The only lymph nodes which appeared to share in the 
hyperplasia were those at the hilus of the lung In these the proliferation had 
resulted in the formation of nodules, which were not sharply demarcated but 
seemed to fuse gradually wth the surrounding lymphatic tissue In the region 
of this nodular hyperplasia the normal architecture of the node had completely 
disappeared Some of the nodes showed profuse proliferation and mobilization of 
the littoral cells lining the lymph sinuses, similar to that seen in various inflam- 
matory processes (fig ZB) In some regions the newly proliferated cells, both 
the reticulum and the lining cells, contained large amounts of carbon pigment 
(fig 3 C) The staining reactions of the cells were identical with those of the 
cells of the spleen 

(c) Lungs Sections through the macroscopically visible nodules in the lungs 
revealed regions of cellular hyperplasia identical with those already described 
(fig ZD) In addition, there were small foci of cellular proliferation about the 
small blood vessels In these foci the cells appeared to arise from the adventitia 
of the vessels 

In many regions the alveolar walls appeared thickened as a result of an increased 
number of large mononuclear cells, which possessed vacuolated cytoplasm and 
appeared similar to those already described Considerable numbers of these cells 
were also free in the alveoli and contained phagocytosed erjthrocytes and hemo- 
siderin In other portions of the lung there was evidence of edema, and in a few 
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foci there was a shglit fibrinous exudate, whicli contained lerj few cellular ele- 
ments, chiefly mononuclear cells 

(/) Bieast and ovary In loutine sections of the left breast and right ovary 
there were a few’ minute foci of cellular proliferation which were identical wuh 
those already described These cells appeared to arise fioni the connective tissue 



Fig 3 — Aj proliferation of cells in sinuses of the bone marrow , hematoxylin 
and eosin, X 200 B proliferation and mobilization of littoral cells in sinuses of 
a hilar lymph node , hematoxylin and eosin , X 200 C, proliferating cells in a 
lymph node, some of which reveal phagocytosis of carbon pigment, hematoxylin 
and eosin , X 200 £), section of a pulmonary nodule , hematoxvlm and eosin , X 200 


(ff) Heart Frozen sections of the right ventricle of the heart stained with 
Sudan IV revealed numerous fine lipoid granules in the muscle fibers 

(/i) Other organs Sections of the kidneys, adrenal glands, thymus, uterus, 
pancreas, thyroid gland and bladder were normal 
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In view of the fact that the histologic appeal ance of the oigans was 
in many lespects similai to that of the tissues in Gaucher’s disease, the 
spleen w^as anal} zed foi lipoids accoiding to the method of Lieb'^ At 
the same time an analysis for lipoids was made on a spleen which had 
been removed at operation in a case of Gaucher’s disease In table 1 
(prepared from the data of Epstein and Lorenz are presented chemi- 
cal data which distinguish the lipid diseases In this table it may be 
seen that Niemann-Pick disease is associated with a marked increase in 
the phosphatide and lecithin wheieas Gauchei’s disease is distin- 
guished by a very large content of cerebioside kerasin In the Hand- 
Schuller-Chiistian syndrome, which is one of the xanthomatoses, 
cholesterol and cholesterol esters are stored in the diseased tissues 

Table 1 — ConcenU ation of Kcjawi and Lipoids m a Nuinial Spleen, in a Spleen 
Involved in Nicniann-PicL Disease, in a Spleen Involved in Gaiulie/s 
Disease and in a Mass Removed fioin Dm a Matei Involved 
in the Hand-ScJiitllei ~Chi istian Syndt oine 


Concentration, E's.pressed as PcrccntaRe of Weight of 
Dried Organ or Tissue 


/ — — 

Spleen 

Spleen 

Mass from Dura 

Involved m 

Involved m 

Mater Involved in 

Eicmann Pick 

Gaueher’s 

Hand Christian 

Kormal Spleen Disease 

Disease 

Schuller Syndrome 

Phosphatide 

Cerebroside 

Cholesterol 

Lipoidosis 

Lipoidosis 

Lipoidosis 


Kerasin 

0 

0 

10 

0 

Cholesterol 

0G2 

0 73 

Trace 

32 

Cholesterol esters 

0 287 

OGS 

Trace 

15 3 

Total eholesterol 

09 

1 41 

Trace 

18 58 

Lecithin 

IGO 

1317 

146 

ICO 

Neutral fat 

4 183 

1282 

Trace 

14 4 

Total lipoids * 

. 4 G 

12 91 

Trace 

31 58 


* 'Ihe figures for this uere ohtnincd as follows 10 per coot was subtracted from the value 
for neutral fat Tins 10 per cent represents the approMmntc v eight of glvcerol in the fat 
molecule To the resulting figure vas added the value for total eholesteiol Thus for the 
spleen of the patient with Eiemann Pick disease observed by Epstein and Eorenz the calcu 
lations were as follow's spleen 12 82 — 1 3 = 11 5 (total fatty acids) 11 5 + 1 41 = 12 91 (total 
lipoids) The values for total lipoids obtained in this manner may be compared with the 
values for total hpoids in table 2, and indicate the total combined weight of fatty acids and 
cholesterol with cholesterol esters 


in large quantities In table 2 are piesented the results of an analysis 
of the two spleens Both show an increase in total lipoids and cholesterol 
(table 1) The spleen in the case of Gaucher’s disease contained a 
laige quantity of the cerebroside keiasm whereas only a small amount 
of this was found in the spleen in the present case Lecithin ® was 
found in significant amounts in the spleen in the present case but not 
in the spleen in the case of Gaucher’s disease 

4 Lieb, H Ztschr f physiol Chem 140 305, 1924 

5 Epstein, E, and Lorenz, K Ztschr f physiol Chem 192 145, 1930 

6 Klenk (Baumann, T Klenk, E, and Scheidegger, S Ergebn d allg 
Path u path Anat 30 183, 1936) recently claimed that the phospholipid which is 
found in the cells in Niemann-Pick disease is not composed entirely of lecithin but 
consists largely of the diaminophosphatide sphingomyelin Baumann (Baumann, T 
Klin Wchnschr 14 1743, 1935) and Tropp (Tropp, C ibid 15 562, 1936) have 
confirmed this In order to simplify our study, the entire ether-soluble phospholipid 
fraction of the spleen is reported as lecithin 
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COMMENT 

Consideration of the data in tables 1 and 2 suggests that the disease 
which we have lepoited could not be classified definitely in any of the 
groups of disorders of the storage of lipoids The presence of con- 
siderable quantities of lecithin and of a laigc amount of total lipoids 
suggests Niemanii-Pick disease, but this is probably excluded by the 
clinical data, for Niemann-Pick disease has been noted for its tcndenc}' 
to affect infants and to cause death duiing the first few yeais of life 
From a chemical standpoint, the dysfunction of fat metabolism in our 
patient was probably of a type intermediate between that of Gaucher’s 
disease and that of Niemann-Pick disease 

In recent years a numbei of workers have indicated that fiom a 
chemical standpoint an ovei lapping of these thiee diseases occurs fre- 
quently Thus Sobotka, Epstein and Lichtenstein ' pointed out that 
in many of the reported cases of Niemann-Pick disease an examina- 
tion of tissues has disclosed not only an accumulation of lecithin 
but also a considerable inciease m the amount of cholesterol (31 to 6 6 
times the normal amount) Clement® agieed with them in this opinion 
and said that as observations multiply one secs that the original classi- 
fications do not take care of all cases, as delimitations are artificial 
and many clinical phenomena overlap Hamperl ” also reported an 
instance in which overlapping of the metabolic fault was definitely 
present In a case of Gauchei’s disease he found a considerable amount 
of lecithin in the spleen (5 98 pei cent), neaily as much as Bloom and 
Kern found in a case of Niemann-Pick disease Pick also held 
this view, in the Dunham lecture, which was deliveied at Flarvard Uni- 
versity in 1932, he stated that a numbei of deviations which exist do 
not fit into rigid schemes Our data suggest that the disease condition 
reported belongs in this gioup of deviations mentioned by Pick 

This condition presented a difficult diagnostic problem to both the 
clinician and the pathologist The symptoms and signs suggested an 
infection, and subacute bacteiial endocarditis was consideied, but this 
diagnosis could not be substantiated Acute leukemia was suggested, 
but this diagnosis was not definitely suppoited by the blood smears, 
which pointed rather to a leukemoid reaction or to chronic myelogenous 
leukemia The rapid downhill course precluded fuither laboiatory 
studies, and the patient died befoie a definite diagnosis could be made 

At neciopsy the disease likeivise piesented difficulties in diagnosis 
No infectious process could be demonstiated The enlarged spleen and 
the nodules in the liver, lungs and bone maiiow, consideied togethei 
with the findings on the blood during life, suggested chionic myelogenous 
leukemia Frozen sections of these tissues, however, did not suppoit 
this diagnosis but pointed rather to lipoid histiocytosis, possibly 
Gaucher’s disease For this reason the chemical studies were earned 
out, with results as already noted (table 2) 

7 Sobotka, H , Epstein, E Z , and Lichtenstein, L Arch Path 10 677, 1930 

8 Clement, R Rev de med , Pans 55 219, 1938 

9 Hamperl, H Virchows Arch f path Anat 271 147, 1929 

10 Bloom, W , and Kern, R Arch Int Med 39 456, 1927 

11 Pick, L Am J M Sc 185 601, 1933 
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Further histologic study did not suppoit the initial impression that 
ue were dealing with a typical form of either Gaucher's disease or 
Niemann-Pick disease The hpoid containing cells were not as large as 
those described foi these diseases, while the nuclei were largei than 
those usually described The vacuolated cytoplasm of some of the cells, 
however, resembled that found m Niemann-Pick disease Ciaccio’s 
method of staining levealed phospholipoid m occasional cells This also 
suggested Niemann-Pick disease None of the cells possessed the 
fibiillated cytoplasm chaiacteiistic of Gauchei’s disease The presence 
of numerous mitotic figures indicated more active hyperplasia than is 
usually seen m lipoid histiocytosis The microscopic appearance of the 
lesions w^as similar in many lespccts to that of a neoplastic piocess and 
the possibility of letothehal saicomatosis as outlined by Roulet^- and 
Benecke \vas consideied 

In the bone inaiiow, especiall3\ the behavioi of the hyi^erplastic 
piocess, including the lesorption of bone trabeculae and actual erosion 


Table 2 — Couccitfi alioii of Kciasat and Lipoids in a Spleen Involved in Gantclier’s 
Disease and in a Spleen Iirvolved in Atypical Lipoid Histiocytosis 



Concentration, Expressed as PercentaRe 
of Weight of Dried Organ 


Spleen Involved in 
Gaucher’s Disease 

Spleen Involved in 
Atypical Lipoid 
Histiocytosis^' 

Ivcrosm 

11 0 

0 37 

Cholesterol 

2 42 

197 

Lecithin 

Trace 

2 20 

Total fattj acids 

014 

9 30 

lotal lipoids 

8 57 

1110 


*■ Unfortunatelj the spleen had already been fixed in modified KaiserhnK’s solution and 
consequently the values obtained tor lecithin were probably lover than the actual amounts 
present at the time of death The content of Ivcrasin, cholesterol and neutral fat m tissues 
IS not altered by exposure to flxinpr solutions 


of the cortex, was that of a neoplasm The lesions in the liver and 
spleen, however, resembled hyperplasia of preexisting KupfTer cells 
and reticulum cells rathei than a new growth Multiple myeloma was 
also considered, but the diagnosis could not be substantiated Clinically 
and histologically theie were many similarities between this case and the 
cases of acute reticuloendothehosis leported by Uehlmgei,^^ Ugiiumow,^® 
Sacks and others Jaffe summarized the available information from 
such cases, and it is not necessaiy to review^ the data heie Suffice it to 
say that the insidious onset, weakness, fever, petechiae, splenomegaly, 
inconclusive hematologic picture and hypeiplasia of the cells of the 
reticuloendothelial system in this case are all features which have been 
described m many reports of cases of acute reticuloendothehosis which he 

12 Roulet, F Virchows Arch f path Anat 286 702, 1932 

13 Benecke, E Virchows Arch f path Anat 286 693, 1932 

14 Uehhnger, E Beitr z path Anat u z allg Path 83 719, 1930 

15 Ugnumow, B Zentralbl f allg Path u path Anat 42 103, 1928 

16 Sacks, M S Aich Path 26 676, 1938 
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has leviewed If determinations of the concentration of lipoid in the 
spleen had not been earned out in this case, the. disease \NOuld probalily 
haA^e been consideied as acute reticuloendotliehosis 

Some of the clinical sinnptoms of the patient can be explained b}" 
the obseivations at neciops} The cause of the peisistent \omiting is 
not ceitain Because ot the involvement of the marrow of the petious 
poition of the temporal bone it W'as thought that there might be inter- 
feience wnth the Aestibulai apparatus of the internal ear This deduc- 
tion could not be substantiated, how^ever, although numeious sections 
w^eie taken thiough the internal eai The anemia, petechiae and epistaxis 
Aveie piobabl} the lesult of the reduction of functioning maiiow by 
the hyperplastic piocess 

The point that should be emphasized heie is that this condition 
clinically and histologicall}’’ fell undei the heading of hypeiplasia of the 
reticuloendothelial system as classified In Sacks (group c) but that 
wdien chemical determinations w'eie made the unusual quantities of 
hpoid constituents of the spleen placed the disease in the gioup of 
hpoid histiocytosis To us, this suggested the possibility that if lipoids 
w^ere detei mined in all cases of leticuloendothehosis a great many moie 
disease conditions would be placed in this group rather than m that 
of simple hyperplasia It also suggested the possibility that the lelation- 
ship betw'een these two groups may be much more intimate and funda- 
mental than Avas believecl 

The Avidely accepted view of Epstein and Pick^^ is that the diseases 
knoAvn as hpoid histiocytosis (Gaucher's disease, Niemann-Pick disease, 
and the Hand-Schuller-Chi istian symdrome) are distuibances of the 
storage of hpoid Thus Pick advanced the theory that the lole played 
by the leticulai cells is of secondaiy’’ impoitance and that the primaiy 
condition is a distuibance of metabolism In other AAords, the substance 
which appears m the cells is not the product of abnoimal activity of these 
cells but arises extracellulaily'^ and is meiely'^ stored by these cells Recent 
investigation suggests, hoAvever, that this Anew may' be in ei i oi inasmuch 
as there is noAV some evidence of abnoimal metabolism in these cells 
It is knoAA'n, foi instance, that the cerebioside keiasin is a galactoside 
derived from the ceramid lignocery 1-sphingosin by' combination Avith 
galactose bhaenkel and BielschoAvsky' demonstiated lignocei yd- 
sphmgosm m the noimal liver, and, according to Thannhauser,^® this 
substance occurs only in oigans that are rich in leticular cells Tiopp ■“ 
said that since hgnocei yd-sphingosm is a noimal product of the leticulo- 
endothelial cells, it may be that in these cells the fermentatiA'e symthesis 
of the galactoside kerasin takes place Tropp assumes that noimally' the 
kerasm Avhich is formed by' the leticuloendothelial cells is earned to 
the nerve tissues to be used for the building up of my'elm In Gaucher’s 
disease, then, the kerasin accumulates in the organs of the leticuloendo- 
thelial system either because of a distuibance in the mobilization and 
ti ansportation of the finished pioduct to the brain, spinal coid and 

17 Pick, L Ergebn d inn Med u Kinderh 29 519, 1926 

18 Fraenkel, E , and Bielschowskv, F , cited by Baumann, Klenk and Schei- 
degger in footnote 6 

19 Thannhauser, S J Klin Wchnschr 11 1693, 1932 

20 Tropp, C Klin Wchnschr 15 562, 1936 
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myelinated neives or because of excessive foimation of kerasin by the 
leticuloendotliehal cells Likewise in Niemann-Pick disease. Dienst 
and Hainpeil-^ and Tiopp assume that the dysfunction of the reticulo- 
endothelial system is piimaiy and the lipoid changes aie secondaiy 

Recent woik indicates also a close basic lelationship between 
Gauchei’s disease and Niemann-Pick disease Klenk,-° foi example, was 
able to shou that the oigans in Niemann-Pick disease contained large 
amounts of the diammophosphatide sphingomyelin In the hvei it 
formed 23 8 pei cent and in the spleen 24 7 pei cent of the diied sub- 
stance, uhereas the glycerophosphatides (such as lecithin) uere not 
inci eased Baumann and Tiopp leported similai findings It was 
pointed out by these men that sphingomyelin and keiasm have as a 
common base hgnocei}l-sphmgosin In Gauchei’s disease this base 
combines with galactose to form kerasin, while in Niemann-Pick disease 
it combines with choline to form the diammophosphatide sphingomyelin 
According to this hypothesis, the amount and chaiacter of the lipoids 
111 the affected oigans depend on the S 3 mthetic activity of the leticulo- 
endothelial cells Depending on the dnection and degree of this activity, 
difteient t 3 pes and amounts of lipoids might be produced Such a 
hypothesis would explain conditions such as that encountered m our 
case which fits neither group of diseases satisfactorily 

There appeals to be a need foi thoiough chemical studies of the 
involved tissues not only m cases of Iipoid histiocytosis but in all cases 
of reticuloendotheliosis, whether oi not disturbances in lipoid metabolism 
are suspected We feel that such studies may lead to more complete 
infoimation regarding the natuie of leticuloendotheliosis and its relation 
to lipoid metabolism 

SUMMARY 

The atypical lipoid histiocytosis which we have repoited does not fit 
into the piesent classification of such diseases Other reports which 
have appeared indicate that in these diseases there is considerable over- 
lapping as regards the character and amount of the lipoid constituents 
of the oigans involved Recent investigation also tends to show that 
dysfunction or unexplained hyperplasia of the i eticuloendothelial system 
may be pi unary and play an active lather than a passive part in 
the genesis of these diseases It is believed that if chemical determina- 
tions were carried out in all cases of so-called primaiy hyperplasia of 
the 1 eticuloendothelial system as well as m cases of typical lipoid histio- 
cytosis a better understanding of these disoiders might lesult 

21 Dienst, G , and Hamperl, H , cited by Jaffe - 



Laboratory Methods and Technical Notes 


A COMPARISON OF STARCH PASTE AND ALBUMIN 
MIXTURE AS AGENTS FOR THE ROUTINE 
MOUNTING OF PARAFFIN SECTIONS 

Anna MAR-i. McDo^^^u, A. , \m) Gfougc A Vassos Jr , M D , Nrw York 

The albumm-gl} cci in mixtuie^ fot affixing paraffin sections to slides 
has been used loutinel} in many pathologic laboi atones and has undoubt- 
edly been one of the best prepaiations for this purpose lioweAcr, 
since Spoein - suggested the use of a starch paste for mounting sections 
of nerve tissue, the use of such a staich suspension has been tried in 
this laboratory foi routine affixation of paiaffin sections of all suigical 
pathologic specimens It is because of the adAantages afforded by the 
use of this suspension that we feel a comparison of the methods is 
wan anted 

The albumin-glycenn mixture i is made up by taking equal parts of egg white 
and glycerin, filtering, and adding a small crjstal of tin mol as a prcscr\atnc 
The staich paste tried is essentially the same as the one described bj' Spoerri - 
One gram of pow'dered starch is added to 10 cc of cold water and thoroiighlj 
mixed, the solution is then poured into 20 cc of boiling water, 2 drops of dilute 
hydrochloric acid is added, and the suspension is boiled for fi\e minutes while 
being constantly stirred to free the opalescent suspension from lumps of starch 
A small crystal of thymol should be added after the paste has cooled 

The clean glass slides aie piepared br coating one surface with a thin film of 
the mixture to be used Drying of the affixative on the slides docs not seem to be 
a disadvantage as long as no dust is allowed to collect on them 

Paraffin sections are then flattened out on the surface of w'arm w'atci and floated 
onto the slides alreadj'' smeared w'lth the adhesive to be used Sections thus 
mounted on slides are read}" for drying piior to then dcparaffinization and staining 
Several methods of drying have been tried, but it is felt that the following 
are the most effective and time saving m the particular staining technic concerned, 
although It IS recognized that longer drying periods at low'ei temperatuies may be 
used successfully For a modified Masson tnehrome stain,’ the ordinary hema- 
tox}dm and eosin method, a modified Giemsa procedure and the Foot silver 
impregnation foi biain tissue,'* the following drying method is considered effectne 
and adequate 

Rest one end of each slide on the edge of a tiay so that the slides wall be in 
a slanting position The tray with the slides is then put on an electric hot plate 

From the Department of Surgical Pathology of the New York Hospital and 
Cornell University Medical College 

1 Meyer, P Mitt zool Station, Neapel 4 521, 1883 

2 Spoerri, R Science 90 260, 1939 

3 Goldner, J Am J Path 14 237, 1938 

4 Wolbach, SB J M Research 41 1, 1919-1920 

5 Foot, N C Am J Path 14 245, 1938 
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and left there for about three minutes after the paraffin has begun to melt The 
sections attached to the slides in such a manner are then put into an oven and 
kept at 56 to 58 C for one hour or longer The sections are now ready for 
deparaffinization bcfoie staining 

A comparison of the adhesive qualities of the albumin and the starch affixatives 
shows that there is no advantage of one over the other m the staining procedures 
noted 

With the Zielil-Neelsen carbol fuchsin method,*’ the three minutes on the hot 
plate and one hour in the drying oven at 56 to 58 C are found to be effective and 
adequate when the albumin preparation is used, but longer drying is necessary 
when staich is used as an adhesive After the sections are floated onto the slides 
filmed with the starch paste, the slides are put m an oven and kept at 38 to 40 C 
for about twenty-four hours The sections are then found to adhere well while 
being subjected to this staining technic 


Tabic Ilhistraling Tempo altti c and Time Necessary fo> Diying Sections to Insuie 
Good Adhesion of Paiafjin Sections to Slides Dining 
Use of Staining Technics 


Drj ine Method 

Afflxatho 

Modified 

Masson 

Stain"* 

Hem a 
toxyhn 
Eosin 

Foot 

Modified Silver for 
Giemsa* Brain^ 

Foot Silver 
Ziehl for Retie 
Neelsen** ulum'* 

On hot plate for 3 min and 

41bumin 

A 

A 

A 

A 

A 

I 

in drying oven at t<3 5S C 

Starch 

A 

A 

A 

A 

I 

I 

for 1 hr 

In drying oven at 3S40 C 

Albumin 

V 

A 

A 

A 

A 

I 

for 24 hr 

Starch 

A 

A 

A 

A 

A 

I 

In drying oven at 50-58 C 

41bumin 

U 

U 

U 

U 

U 

A 

for 48 hr or at 38 40 C for 

Starch 

U 

U 

U 

U 

U 

A 


3 dajs 

A = adequate, I = inadequate U = unnecessary 

With the Foot method of silver impregnation for reticulum,'*' it is found that 
the albumin and the starch paste are equally effective as far as their adhesive 
qualities are concerned However, a longer drying time has been found necessary 
for either affixative used After sections have been floated onto the prepared slides 
and incubated at 56 to 58 C for forty-eight hours, they adhere well This is 
important as the chief complaint of technicians using this impregnation has always 
been directed against the detachment of sections from the glass slides 

The starch paste has no such affinity for aiiv of the d>es in the various 
staining technics used as is occasionally seen with the albumin mixture, and there- 
fore gives a definitely clearer background This is especially true when the 
sections are impregnated with silver , the egg albumin tends to combine with 
the silver while the starch does not 

The staining properties of the various tissues are the same whether starch or 
albumin affixatives are used, but the most notable feature resulting in the starch- 
filmed slides IS the clear background 

6 Mallory, F B Pathological Technique, Philadelphia, W B Saunders 
Company, 1938, p 276 

7 Foot, N C, and Menard, M C Arch Path 4 211, 1927 



434 


ARCini'ES OP P nilOLOG} 


The fixation of tissues in forinaldclndc-alcoiiol solution, Zenker’s fluid or 
Bouin’s fluid makes no variation in the adhcsucness with cither paste used 

Other advantages of the starch over the .ilbuinin arc its easv preparation, sim- 
plicity and cleanliness, which render it most suitable for routine affixing of paraffin 
sections to slides 

SUMM \K\ 

It has been sliovvn that a staich paste has some advantages over 
the albumm-gl3^cenn mixtuie for affixing paiaffin sections to slides in 
the coinse of several staining technics 
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Experimental Pathology and Pathologic Physiology 

CvToioGiCAL Changes Imjucld in* thi H\POi>insis ii\ Piteitarv Extract 

A E Severinghaus and K W Thompson*, Am J Path 15 391, 1939 

The hypophyses studied were ironi (a) 2 dogs gnen daily injections of 25 cc 
of an extract of sheep pitiiitai 3 ' for one hundred and twent\ and two Inindrcd and 
ten days, respectively, (h) 2 dogs treated subcutantou‘<U for thirtj-two and thirtj 
daj's, respectively, with 10 cc of “antihormonc’ scrum fiom a dog that was 
treated daily for three 3 ears with an extract of sheep i>ituitar 3 , and (c) 2 imma- 
ture, 4 month old female sheep given daih injections of 25 cc of an extract of 
sheep pituitary for six months The c 3 tologic changes in the first jiair of animals 
were noted mainly in the basophilic cells Ihc granules clumped to aggregates of 
varying sizes, and vacuoles appeared m the C 3 toplasni, some colorless, some filled 
w'lth a clear pale blue substance and some filled with a deeph basophilic amorphous 
material The vacuoles tended to expand and to occup 3 '’ most of the granular 
cytoplasm In some cells these changes w'Cie identical with those observed in the 
hypophysis of the castrated lat or monkc 3 , in other cells they resembled closely 
the changes seen in the pituitary gland of the th3roidectomi7cd rat, still other 
cells showed the hyaline-like C 3 doplasniic changes that w’erc described b 3 Crookc 
in the Cushing syndrome of pituitary basophilism The hvpoph 3 Scs of tlic second 
pair of animals presented a decrease m the number of chromophobe cells and 
tinctorial and structural changes in tlic basophilic and in the acidophilic cells, 
both types of cells occurring in increased numbers Another change was marked 
hyperemia and edema In the hypoph 3 'ses of the 2 immature female sheep the 
most notable feature was an almost universal dcgranulation of the basophilic cells 
Changes were also noted in the size and staining qualities of the acidophilic cells 
A hypothesis is offered to explain the observed changes The injected pituitar 3 
extract activates the endocrine glands related to the anterior lobe of the pituitar 3 , 
namely, the gonads, the thyroid and probabb* the adrenals, which activation stimu- 
lates in turn the anterior lobe of the h 3 *pophysis to increased secretion The 
injected heterologous pituitary extract stimulates the production of "antihormones,” 
which neutralize at first the injected extract, they lose later their species sjiecificitv 
and neutralize the pituitary secretion of the tieated animal itself The ehanges 
in the second pair of animals, accordingly, would be due to the injeeted ‘‘anti- 
hormones ” The result is a state analogous to pituitary insufficiency, with atrophy 
of the gonads, thyroids and adrenals The latter leads to cytologic changes in the 
anterior lobe of the pituitary as described j Davidsohn 

Idiopathic Familial Lipemia L E Holt Jr, F X Avxward and H G 
Timbres, Bull Johns Hopkins Hosp 64 279, 1939 

A girl of 11 years was found to have extreme lipemia — due primarily to 
neutral fat — associated with hepatomegaly, splenomegaly, psoriasis, peculiar 
ulcerations of the skin and malnutrition She suffered from periodic acute attacks 
of abdominal pain, which w'ere accompanied by a sudden reduction in the blood 
fat, enlargement of the liver and spleen and engorgement of the abdominal veins 
There was evidence that the disorder w'as familial The condition w'as not 
improved by”^ administering lecithin, choline, thvroxin, insulin, "Iipocaic” or an 
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extract of the anterior lobe of the pituitary It could, however, be in large measure 
controlled by a low fat diet Some evidence was obtained of a beneficial effect 
fiom blood transfusion The authois discuss the various types of disturbance 
which may give rise to lipemia They suggest that the condition described is due 
to a defect in the mechanism of the removal of blood fat by the liver— a mechanism 
111 which a humoral factoi appears to be concerned 

Frok Authors’ Summary 

Radioactive Iron and Iis jMetadolism in Aneaiia P F Hahn, W F Bale, 
E O Law'rence and G H Whipple, J Expei Med 69 739, 1939 

Artificially produced radioactive iron is an extremely sensitive agent foi use in 
studying the course of iron througii its changes m body metabolism, the radioactive 
iron lending itself to observations of absorption, transpoit, exchange, mobilization 
and excretion The need of the body for non determines in some mannei the 
absorption of this element In a normal dog m which there is no need for the 
element it is absorbed in negligible amounts In an anemic animal it is promptly 
assimilated The plasma is clearly the means of transport of iron from the gastro- 
intestinal tract to the point of mobilization of the element for fabrication into 
hemoglobin The speed of absorption and of transfer of iron to the red cell is 
spectacular The importance of the liver and of the bone morrow m the metab- 
olism of iron IS confirmed Authors’ Summary 

Extravascular Development of thl Monocyte Observed in Vivo R H 
Ebert and H W Florey, Bnt J Exper Path 20 342, 1939 

Ebert and Florey, using a modified Sandison-Claik cell, have watched the 
extravascular development of individual monocytes into cells indistinguishable from 
tissue histiocytes They produce evidence to show that macrophages appearing in 
organizing tissue do not originate from the histiocytes previously present in 
surrounding normal tissue 

Intestinal Reactions to Gastric Juice H W Florey and others, J Path 
& Bact 49 105, 1939 

Various technical procedures are described for comparing the resistance of the 
duodenum to gastric juice with that of the jejunum and ileum, and it is shown 
that the duodenum has a much greatei resistance than other parts of the intestine 
These findings are consistent with the view that Brunner’s glands are concerned 
m a mechanism protective against gastric juice Histologic and endoscopic obser- 
vations on parts of the intestine exposed to gastric juice are described 

From Authors’ Summary 

Transplantation of the Testicular and the Ovarian Fatty Body F X 
Hausberger, Virchows Arch f path Anat 302 640, 1938 

In the rat at birth there is present beside the head of the epididymis or beside 
the ovary a small collection of cellular tissue which later becomes the testicular 
or the ovarian fatty body At birth it consists of a syncytium of fibrocytes and 
histiocytes with few blood vessels On the fifth to sixth day the tissue becomes 
more highly vascularized, and proliferation leads to the formation of localized 
cellular areas, in which fat begins to be deposited on the seventh day The fat is 
deposited in the form of minute droplets in cells of the histiocyte type, but only 
m certain of these In the adult the fatty body is a characteristically lobulated, 
pedunculated mass of adipose tissue, which is larger in the male than in the 
female To study the development of adipose tissue, the fatty bodies of rats 2 to 
3 days old were transplanted into the peritoneal cavities of rats Yveighing 50 to 
80 Gm Only the pedicle of the minute fatty body was sutured to the peritoneum 
The transplanted fatty bodies grew and developed exactly as m the normal animals 
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Fat was deposited in the cells, the bodies took on the characteristic lobulation and 
reached a size equal to that of the normal fatty body The full} developed trans- 
planted male fatty body reached a si/e larger than that of the female body, no 
matter whether it was transplanted into a male or a female lat Transplanted 
connective tissue of young rats was not transformed into adipose tissue Ihc 
author concludes that adipose tissue develops from cells specifically differentiated 
for that function, probably through the development of specific intracellular 
enzymes O T ScnuiTZ 


Pathologic Anatomy 

The LYMpnoc\Tn in Act te Imlammation in the Rakbit F Koioech Jr, 
Am J Path 15 413, 1939 

A transfoimation of clasmatoc} tes to histogenous macrophages is the initial 
response of the rabbit in acute inflammation The majority of the macrophages in 
the exudate associated with the acute mflammator\ process are of hematogenous 
origin The lymphocyte-macrophage transformation occurs early' m the course of 
the inflammation By the fourteenth hour the lymphocytic origin of many' mon- 
onuclear cells in an inflamed area is largely obscured In studies made eighteen 
hours or later after the onset of an acute inflammation in a tissue, cell lineage 
cannot be traced The employment of tissue spreads, dried and stained like blood 
smears, allows a comparison of the cells in an acutely inflamed tissue u ith cells 
of blood smears From Author’s Conclusions 

The Pituitary in Mongolism C E Benda, Arch Neurol & Psvchiat 42 1, 
1939 

Benda considers mongolism a pituitary disorder resulting from deficiency of the 
basophilic and chief cells of the anterior lobe of the hypophy'sis The cells are 
reduced in number, with the result that there is an apparent increase of the eosino- 
philic cells Benda anived at this conclusion from a study of 14 patients, in 13 of 
whom mongolism was unquestionably present The histologic changes were identical 
regardless of the age (from a few days to 30 years) and were the reverse of what 
IS seen in Cushing’s disease, m which the number of the basophilic cells is increased 
The condition of the thyioid has no bearing on the histologic changes m mongolism 

George B Hassin 

Fatal Hypoglycemia A L Saiis and L Alexander, Arch Ncuiol & Psvchiat 
42 285, 1939 

In a fatal case of hypoglycemic shock of twenty-eight hours’ duration, the 
benzidine staining method revealed a number of anomalies m the blood vessels and 
capillaries — hyperemia, irregular dilatation, perivascular hemorrhages, variations in 
the appearance of the capillaries and blood vessels, thrombi and so-called “white 
stasis,’’ 1 e , early' thrombosis in which white blood cells are enmeshed in scanh 
threads of fibrin Ganglion cells showed ischemic degeneration, and in the cortex of 
the central and upper parietal regions there were foci of blanching The nerve fibers 
were well preserved, but the axons were “pushed apart as though by interstitial 
edema ” The authors consider the blanching, the edema and the changes m the 
ganglion cells secondary to the vascular changes and due to local and general 

George B Hassin 

Teeth in Osteogenesis Imperfecta M A Rushton, J Path & Bact 48 591, 
1939 

Teeth from a woman who had suffered from late osteogenesis imperfecta are 
described They were small, with pinkish crowns and short translucent roots The 
odontoblasts had differentiated normally, though the growth of the whole dentinal 
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papilla was i educed Normal matrix and Tomes’ fibuls were produced at the 
periphery of the teeth, hut soon the odontoblasts and otbei cells concerned ceased 
to form Tomes fibrils and noimal matiix This change occurred first where the 
odontoblasts were oldest, but m a piecemeal manner Focal defects m the rate of 
formation of the matrix led to the inclusion therein of blood vessels The peripheral 
pulp cells produced precollagenous argyrophil fibeis, but these were not converted 
into collagen except in the immediate proximity of blood vessels Pulp stones of 
good collagen content occurred in the middle of the dentinal papilla The matrix 
was inadequately calcified and probably lai king in cementing substances At a later 
stage, when no noimal Tomes’ fibrils wcic being formed, a tissue lesembling 
pnmitnc fiber bone replaced the foimei pulp cavitv Most of the dentinal tubules 
tvhich bad been formed became occluded Authou’s Slmuar. 

ErmcT or Acute axd CiiROMcUnix mis Retention on thlKionlv k Hilmke, 
Vii chows Arch f path Anat 302 323, 1938 

As the result of a histologic study, Hclmke reaches the conclusion that chronic 
stasis of urine has an effect on the kidney quite different from that of acute 
retention The latter causes single or multiple ruptures of the calices in the 
region of the fornix and leads to a icflux of uiinc directly into the veins ot the 
pelvis The escape of urine into the blood stream may lead to acute collapse 
The path of escape may be detected rocntgenologically If infection does not 
occur, the process heals when the cause of the acute letention is relieved In 
urinary retention of more gradual onset and longer duration the letained urine 
distends the glomerulat capsules and escapes into the interstitial tissue of the 
kidney From here it makes its way into the lymphatics and finally into the 
veins In the veins and lymphatics the material has the same optical and staining 
properties as m the tubules and glomciular capsules, Helmke terms these masses 
venous and lymphatic cylinders or casts The constituent common to tubular casts 
and venous cylinders is urinary mucoid The veins and lymphatics of the inter- 
stitial tissue play' an important pait in the spiead of ascending infections of the 

O T Schultz 

Histology or Chronic Peptic Gastric and Duodenal Ulclr A Thelen, 
Virchows Arch f path Anat 302 515, 1938 

A histologic study of gastuc and duodenal ulcer was made in 32 resection 
specimens by a variety of staining methods Especial attention was paid to the 
formation and composition of the chaiacteristic zone in the floor of the ulcer to 
which Askanazy had giv en the name “layer of fibrinoid necrosis ’’ In recent years 
Khnge and many others have applied the term “fibrinoid” to a change in con- 
nective tissue, occurring usually in hyperergic inflammation, characterized by 
transformation of connective tissue into fibrillated argentophil material In this 
sense Askanazy’s layer of fibrinoid necrosis is not the result of fibrinoid degenera- 
tion The layer is formed by swelling of the connective tissue without the forma- 
tion of fibrinoid, the swollen fibeis undergoing necrobiosis The author terms this 
process QuAlungstieki osc (swelling necrosis) On the surface of the layer of 
necrosis there may be deposited a layer of exudate composed of true fibrin, 
leukocytes and erythrocytes, beneath the zone of necrosis is the zone of prolifera- 
tive inflammatory reaction The layer of necrosis may be demarcated and 
sequestrated, a new necrotic layer being formed The acid gastric secretion is a 
factor in the formation of the necrotic layer, but apparently not necessarily 
directly, since an ulcer may reveal necrosis m one portion and healing in another 
Thelen postulates a disturbance of the correlation gastric juice gastric w'all 

O T Schultz 
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Microbiology and Parasitology 

TuBracLE Bach LI in Non-1 ubfrcui ols Lung Tissue W H Fiidman and 
A H Baggenstoss, Am J Path 15 501, 1939 

The results of tins studj, winch was made of material from an aica -where the 
morbidity from tuberculosis is not high, indicate that virulent tubercle bacilli are 
infrequently present in the presumably nontuberculous tissue of the lungs of persons 
dying of causes other than tuberculosis Authors’ Summar\ 

Intracellular Bacili 1 IN T\phoid Fiilr J W Adams Jr, Am J Path 15 
561, 1939 

Gram-negative bacillaiv forms, judged to be Ebcrthella tv phi, have been found 
in the cytoplasm of young plasma cells located m the Ijmphoid follicles of the 
ileum, colon and mesenteric lymph nodes in 5 cases of earlj typhoid fever It is 
concluded that the presence of these bacillarv forms within the plasma cell is an 
essential part of the earlv classic intestinal and mesenteric lesions of tvphoid fever 

From A.UTiroR's Summvrv 

Effect of Ultraviolet Radiation on Tubircie Bvcilii K C Smitiiburn 
and G I Lavin, Am Rev Tuberc 39 782, 1939 

The effect of approximately monochromatic ultraviolet radiation (2,537 ang- 
stroms) on human tubercle bacilli in saline suspension was studied Hcavj sus- 
pensions of tubercle bacilli (1 mg per cubic centimeter) required relatively long 
periods of irradiation (ten minutes or more) before the organisms were rendered 
nonviable, weaker suspensions, a shorter time Organisms killed by ultraviolet 
radiation retained the property of acid-fastness Bacilli in heavy suspensions were 
rendered avirulent only after relatively long exposure to ultraviolet radiation, but 
those in weak suspensions were quickly reduced in virulence Reduction in viru- 
lence could be demonstrated after less irradiation than is required to kill the 
organisms, and the organisms could be avirulent without being killed Irradiated 
viable organisms possessed the capacity of inducing demonstrable immunitj 
Organisms killed by the radiation did not induce measurable immunity 

H J CORPER 

Vitamin C and Immunity in Tuberculosis or Guinea Pigs F H Heise 
and W Steenken Jr, Am Rev Tuberc 39 794, 1939 

Vitamin C given subcutaneously and in abundance does not influence the course 
of tuberculosis in guinea pigs infected with 10,000 H 37 Rv bacilli, does not influ- 
ence the content of vitamin C in the blood serum and does not influence the sensi- 
tivity to tuberculin Rotter’s test proved of no value in differentiating super- 
vitaminosis C H J Corper 

Preservation of Tubercle Bacilli M L Cohn, Am Rev Tuberc 40 99, 1939 
Desiccated human (virulent and avirulent), bovine (virulent) and avian (viru- 
lent) tubercle bacilli at refrigerator temperature retain their viability almost com- 
pletely for three years, while natural cultures at the same temperature survive only 
about SIX months to one year (occasionally two years) At incubator temperature 
the loss of viability of the desiccated cultures of these same strains of tubercle 
bacilli IS much more rapid, being almost complete at six months to one year, 
while at room temperature such cultures survive a little longer than at incubatoi 
temperature The loss of viability of tubeicle bacilli is primarily a function of 
the temperature at which they are stored regardless of whether they are desiccated 
or natural The rate of the loss of viability of cultures is greater in the presence 
of oxygen, less in the presence of air and least in the presence of nitrogen Desic- 
cation, although a minor factor, aids in maintaining the viability Desiccation can 
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rcmoxe as much as 70 to 75 \)ci cent of the watci (and volatile materials) from 
the cultures without appreciable detrimental effect on the viabiliU Aside from 
niammabaii bacilli, cultuics of aMan tubercle bacilli can be preset ved in Mable 
form for oier three years when desiccated and sealed m an or nitiogcn and 
maintained at refrigerator temperature The method possesses the adiantage that 
the strains occups little space and ate leadily transportable j Corplu 

Thf Sprfad of Tobircll Bacihi IK Si KsiTiri D ami Immlm/id ^kimais 
J Freokd and D M Akgivim-, J Immunol 35 271, 1938 

Rabbits were given several iiitracutaneous injections of heat-killed tubercle 
bacilli and were tested for hvperscnsitivencss one week after the last injection of 
old tuberculin Tliei’’ were then inoculated intradermally with living tubercle 
bacilli, bovine or human, of varying degices of virulence Normal labbits were 
similarly inoculated wuth living tubercle bacilli at selected mteivals Immunized 
and control rabbits were killed, and the skin at the site of injection and the inguinal 
nodes W'cre removed and examined for tubercle bacilli culturally and histologically 
In the previously immunized animals the tubercle bacilli multiplied and were more 
abundant in the skin after the same interval than in the infected animals that w^ere 
previously normal In the immunized animals the bacilli reached the regional 
lymph nodes from two days to two w'ceks later than in the normal controls It 
appears that this retardation was caused by local fixation of the bacilli and not 
by destruction j Davidsohk 


Purification or Insect-Traksaiittcd Plant Viruses F C Bawden and 
N W PiRiE, Brit J Exper Path 20 322, 1939 

From plants infected with potato virus Y, which is an insect-transmitted virus, 
Baw'den and Pine have isolated a liquid crystalline protein with many properties 
similar to those of potato virus X, although it is much less stable The isolation is 
complicated by the small amount of virus in infective sap and by the presence of 
other constituents having properties in common w'lth the virus 


Action of Bile Salts on Viruses W Smith, J Path & Bact 48 557, 1939 

Certain bile salts are able to inactivate some viruses but have no apparent effect 
on others The inactivation is almost instantaneous and is thought to depend on 
lysis of the virus elements Sodium deoxycholate and sodium apocholate are the 
most active of the bile salts investigated, the former being about four times as 
active as the latter Sodium cholate possesses only slight activity The suscepti- 
bility of a virus to bile salts is not related to its size The process of lysis by a 
bile salt can be observed both macroscopically and microscopically with the cultiv- 
able virus-like organism of pleuropneumonia and the sew'age organisms of Laidlaw 
and Elford Attempts to use preparations of lysed virus for prophylactic immuni- 
zation have so far not been encouraging Author’s Summary 


fUBERcuLOus SupERiNFFCTioNS V Reynes, Ann lust Pasteur 62 177, 1939 
Reynes studied the reactions which appear in supennfected guinea pigs from 
the eleventh to the eighty-sixth day after the first inoculation with fragments of 
autogenous bacillary lesions (autosupennfections) or fragments of tuberculous 
lesions developing on other animals (heterosupennfections) Contrary to descrip- 
tions by other authors, he shows that the lesions and reactions were the same in 
these ^inea pigs whether the animals were tested with their own organisms or 
with those of other animals Superinfections occurring m the three weeks 
follonnng the primary inoculation develop like primary infections and may lead to 

supennfection if the quantity of LciUi is 
wiS uf effS T occurring a month after primary inoculation are usually 

w tiout effect Test organisms are then either destroved nr hinrtrpfl in thn. 
n. iv..ch they depoi.M or .h,ch ,ho cuhi'eTot ^ 
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or sliorter period Sometimes, also, the immunity created by a primary infection 
IS indicated only by an obstacle to the dissemination of the inoculated organisms, 
there is then a longer lapse of time before the ganglions in the supermfcctcd 
animal aie attacked than in the control animal Finally, this immumtj may be 
forced when the material inoculated contains a large number of bacilli , i c , the 
organisms not only multiply where inoculated but reach the neighboring Ijmph 
nodes and produce lesions Fkom Author’s Summu^ 


Immunology 

Production of Kidney Antibodies F F Scinvi ntker and F C Compioifr, 
J Exper Med 70 223, 1939 

Rabbits given injections of emulsions of homologous kidney to which staphylo- 
coccus or streptococcus toxins had been added produced complement-fixing anti- 
bodies which reacted wnth both rabbit kidney and brain By absorption tests it 
was demonstrated that the serum contained at least tw'o antibodies, one specific 
for kidney and the other nonspecific Similar antibodies for kidnej were found 
m the blood of a majority of patients with scailet fever but in the blood of only a 
few normal persons The possibiliU that a similar or related antibody may be 
etiologically concerned in scarlatinal nephritis is discussed 

From Authors’ Summar\ 


Specific A.ntiserum for Biood-Group Factors A, B, kl ^x•D N W C Bo\d, 
J Immunol 37 65, 1939 

Satisfactory anti-A agglutinating seium was produced relatneh easily in 
rabbits, i e , in somew'hat less than SO per cent of the animals, by inoculating them 
with human A red cells The serum w'as absorbed to remo\e the anti-B, anti-kl 
and anti-N agglutinins Anti-B serum was also produced but not quite as easily 
In an attempt to produce anti-A and anti-B heteroagglutmins bj injecting other 
antigens than human red cells into animals, rabbits and roosters w'erc inoculated 
with human or horse saliva containing blood group factors A or B, w'lth peptone 
(Witte) containing factor A and witli rabbit red cells known to contain a frac- 
tion of the human factor B In response to human saliva A and to peptone, 
highly group-specific agglutinins were produced The anti-B serum w as less 
satisfactory Methods of preservation of scrum, including the anti-M and anti-N 
testing fluids, are offered which made it possible to keep them m usable strength 
for as long as five and one-half years j Dwidsohn 


Immunological Relationship or the Virus or Spontaneous Cow-pox to 
Vaccinia Virus A W Dow^nie, Brit J Exper Path 20 158, 1939 

Downie’s finding that histologic differences occurred in the lesions pi od. iced 
by the viruses of cowpox and vaccinia led him to investigate these tw'O viruses b}" 
serologic methods He now shows that rabbits immunized with either virus are 
immune to both and that immune serum prepared with either virus neutralizes 
both However, cross absoiption experiments with hyperimmune serum and sus- 
pensions of elementary bodies show that while the homologous virus removes the 
antibodies for both viruses, the heterologous virus absorbs chieflj’- its own anti- 
bodies These results indicate that the viruses of cow'pox and vaccinia aie closely 
related but not identical as previously assumed by many workers 

Action of Proteolytic Enzymes on the Antitoxins and Proteins in Immune 
Serum C G Pope, Brit J Exper Path 20 201, 1939 

In the second paper dealing wnth the action of proteolytic enzymes on antitoxic 
serum Pope describes the results obtained after a limited amount of enzyme action 
on antitoxins followed by critical heat denaturation of nonantitoxic protein 
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Several en 7 yrnes possess the propcitj of altering the antitoxic pseucloglobuhn and 
converting it into two protein fractions, one of which is nonantitoxic and easily 
denatured in acid solutions at high tenipei atm cs The antitoxin is not destroyed 
by this treatment 

Complement IK Nephritis C E KiiLErrandJ G Thomson, J Path & Bact 
48 519, 1939 

In 38 cases of nephritis the complementary activity of the serum for sensitized 
sheep cells was estimated The cases were subdivided into groups on clinical 
grounds and the classification confirmed when possible by autopsj" In every case 
of acute glomerulonephritis examined within four weeks after the onset comple- 
mentary actnity was found to be much lower than normal 

From Authors’ Summary 


Tumors 

Influence of Dinitrokresol on the Deveiopment of Tar Tumors in Mice 
L Kreyberg, Am J Cancer 36 51, 1939 

Sixtj’’ mice of a genetically known strain have been painted with tar and tieated 
with large doses of dinitrocresol (from 0 1 to 2 mg per day) The tumor response 
corresponds closely to that of similar animals treated with dried thyroid gland, 
namely, a general tendency to earlier formation of tar tumors 

From Author’s Summary 


Effect of Hypophyseal Transplants in Various Strains of Mice L Loeb 
and M M Kirtz, Am J Cancer 36 56, 1939 

The processes of normal and cancerous growth which take place in bearers of 
anterior hypophysial transplants are in certain respects more similar to those 
taking place spontaneously in mice than to those induced by injections of estrogen 
In both the so-called spontaneous tumors and those induced by transplanting 
anterior lobe of the hypophysis the hormones which represent the effective stimuli 
originate in the animals themselves, whereas in tumors induced by injecting 
estrogen the source of effective stimulation is extrinsic 

From Authors’ Summary 


Mortality from Cancer of the Skin K K Conrad and A B Hill, Am J 
Cancer 36 83, 1939 

A comparison is made between the mortality from cancer of the skin and lip 
and that from cancer of other sites in different occupational groups The reported 
inverse association between these forms of cancer is not confirmed On the 
contrary, although numerous exceptions occur, there is on the average a slight 
direct association, occupations in which there is a relatively high incidence of 
cancer of the skin and lip tending to show also an excess of cancer of other sites 

From Authors’ Summary 


OF Tumor of the Liver J S Binkley, Am J 


i^ancer 


Aspiration Biopst 
36 193, 1939 

Aspiration biopsy for tumor of the liver has been done in 19 cases Sufficient 

material rvas obtained by aspiration to establish a diagnosis in 73 6 per cent of the 

cases Follow-up records of the clinical course in each case support the histologic 

diagnosis Aspiration biopsy of hepatic tumors has not been associated with sig- 

nincant complications in the hands of 10 different clinicians who have used the 

method on one or more occasions r- . ^ o 

From Author s Summvrt 
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Studies in Carcinogenesis HTDRocARuoN-CiiOErsTEROE Piliets in Aidino 
Mice M J Shear and Egon Loren/, Am J Cancer 36 201, 1939 

Cholesterol pellets containing 5 per cent dibcn/anthracene produced tumois in 
the course of a year in a considerable pioportion of the mice in which thej were 
implanted Similar pellets containing 1 per cent dihen/anthraccnc produced 
tumors in only a small percentage of mice The two 1 per cent pellets which 
produced tumors contained 0 12 mg and 0 48 mg of dibcn/anthracenc, respec- 
tively Spectrographic analjsis of these pellets, recovered after the induction ot 
tumors, showed that there w'as still some diben/antliraccnc present No tumors 
were obtained wnth cholesterol pellets containing 01 and 0 01 per cent, rcspectncl), 
of dibenzanthracene The significance of the one sarcoma obtained with a 0001 per 
cent dibenzanthiaceiie-cholcsterol pellet is therefore obscure 

% 

From '\utiioks Si mm \r\ 

Studies in Carcinogi msis Compounds Rn vted ro 3,4-Bi n/iwri m M J 
Shear, Am J Cancer 36 211, 1939 

Twelve denvatnes of 3,4-ben7pyienc were tested for carcinogenic potciic) bj 
injecting them subcutaneouslj into pure strain mice Of these dernatnes, the 
4'-methyI and the l',2'-dih} dro-4'-metIiyl denvatnes were found to be carcinogenic 
The lesults obtained with 80 other polj cyclic compounds arc bricflj recorded The 
findings are discussed from the point of view' of tlie relationship of these synthetic 
compounds to substances of biologic origin and from that of the implications as 
regal ds the mechanism of tumoi genesis Pkqm Author’s Summara 

Experimental Zinc Teratoma or the Testis L I F\iin and K E Gromzew a, 
Am J Cancer 36 233, 1939 

The injection of small amounts of 10 per cent zinc sulfate solution (0 15 to 
02 cc ) into the genital glands of fowd produces in a considerable percentage 
(IS per cent of all birds treated in March) rapidl> growing tumois of these glands 
Being composed of a great Aariety of tissues — epithelial and glandular elements 
cartilage, developing bones, smooth muscle tissue, pigment cells, embrionic con- 
nective tissue, anlagen of nerve elements — these tumors must be classified as tera- 
toid neoplasms and in this respect are quite similar to the teratoma produced by 
Michalow'sk}’^ and others w'lth zinc chloride The production of teratoid tumors ot 
the testes by injections of either zinu chloride oi zinc sulfate solution shows 
that the ions Ck and SO< do not play any particular role m the production of 
tumors by zinc salts m the genital glands of fowd Further experiments must 
show wdiether other substances having a similar influence on the tissues but 
ha\ing nothing in common with the zinc salts in then chemical structure may pro- 
duce a similar effect (See also the article on expeiimental zinc teratoma of the 
testis by V Amssimova [Ain J Cancel 36 229, 1939] ) 

From Authors’ Summara 

Angioreticuloendothelioma (Kaposi’s Disease) of the Heart R M Choissek 
and E M Ramsey, Am J Path 15 155, 1939 

The problem of the origin and of the nature of the lesions of Kaposi’s disease 
has been reanalyzed on the basis of a review of the liteiature on the subject and 
in the light of a thorough study of 2 recent cases, in both of which the disease 
w^as primary in the right auricle of the heart and in which lesions of the skin 
Avere lacking It is concluded that the condition is a true neoplasm, derived from 
the reticuloendothelial system, with neoformation of blood vessels a prominent dis- 
tinguishing characteristic Since tumors are properly named with respect to their 
tissues of origin, it is proposed that m the future the scientific term “angioreticulo- 
endothelioma” be used in preference to the term “Kaposi’s disease ” 

From Authors’ Summara 
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Carcinoma of the Pancreas R D’Aunoy, M A Ogden and B Halrert, 
Am J Path 15 217, 1939 

In 6,050 autopsies on persons o\ er 1 year of age 40 cases of primary carcinoma 
of tile pancreas were encountered Males and females were represented in the 
series in the proportion of 7 1 Tw'enty-three of the patients were o\er 60 years 
of age The average duration of illness was four and a half months Thirty-one 
neoplasms were situated m the head and 9 m the tail All were columnar cell 
carcinoma Carcinoma pnmarj' in the head of the pancreas readily invaded the 
duodenum, and that primary in the tail spread over the peritoneum Metastases 
were observed in the liver in 25 instances Puojt Authors’ Summarv 

Follicular Lymphoblastoma and a Relatld Form of Lymphosarcoma S 

Mayer Jr and H M Thomas Jr, Bull Johns Hopkins Hosp 64 315, 1939 

Five cases of follicular lymphoblastoma are reported In this series follicular 
lymphoblastoma has not proved to be entirely benign, despite the usual dramatic 
early response to radiotherapj’’ The length of response to irradiation cannot be 
prophesied from the presence or absence of microscopic evidence of invasiveness 
The possibility of clinical recognition of follicular lymphoblastoma is emphasized 
The authors describe 4 cases of malignant lymphoblastoma of an unusual but 
characteristic type The patients presented the following features general or local 
lymphadenomegaly , splenomegaly due to the presence of tumor cells, which were 
localized especially in the malpighian bodies , lymph nodes showing diffuse infiltra- 
tion with lymphoblastic cells , a normal blood picture except for moderate anemia , 
a rapidly fatal course From Authors’ Summary" 

Intestinal Polyps Genesis and Relation to Malignant Grow'ths R J 

CorFEY" and J A Bargen, Surg, Gynec & Obst 69 136, 1939 

A study of a group of cases of multiple adenomatosis and of polyposis asso- 
ciated with chronic ulcerative colitis revealed a striking dissimilarity both clinically 
and pathologically Of the cases of multiple adenomatosis, a heredofamilial dis- 
position w'as present in 34 5 per cent It is essentially a disease of youth, approxi- 
mately two thirds of the patients being in the first three decades of life Instances 
of the condition developing in later life were not uncommon, and the growths were 
indistinguishable from those m adolescents The individual lesion consisted of a 
primary epithelial change with minimal evidence of inflammation Hypei trophic 
lymph follicles seemed to have a part in the genesis of the polyps Characteristic 
of the condition are mvriads of true adenomatous polyps Carcinomatous trans- 
formation was demonstrable in 62 5 per cent, in 25 per cent multiple carcinomas 
occurred Histologically it appeared that multiple small foci of adenomatous pro- 
liferation develop in a usually hyperplastic mucosa For this reason the condition 
is a disease of the entire mucosa, and eradication of only the existent polyps fails 
to cure the process 

Polyposis complicating chronic ulcerative colitis is characterized by widespread 
inflammation and destruction of the mucosa with inflammation of the whole w'all 
The poLps consist of tufts of granulation tissue and of surviving remnants of 
mucosa, commonly showung benign regenerative hyperplasia, often with adenom- 
atous or even carcinomatous transformation In this group 562 per cent were 
classed as pseudoadenomatous, 21 9 as true adenoma and 21 9 per cent as car- 
cinomatous Polyps associated with chronic ulcerative colitis seem to be the 
result of widespread ulceration and destruction of the mucosa, associated with 
remaining islets of inflammatory mucous membrane, follow'ed by cicatricial dis- 
tortion of the lining It seems that multiple adenomatosis is potentially a much 
more dangerous condition with respect to carcinoma than polyposis associated 
W'lth chronic ulcerative colitis 

From Authors' Summary (Warren C Hunter) 
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Two Rare Tumors or riir TinROio Umed^ Virchows Arch f path Anal 
302 458, 1938 

The tumors described arc a papillar} carcinoma, winch occinrcd in the thjroid 
of a 7 year old boy, and a fibio-osteochondiosarcoma, which occurred in a woman 
aged 68 Skeletal metastasis did not occur in cither case, and c\idcnces of th>roid 
deficiencj'^ W'crc not obserccd q -p ^cHurr/ 

Damage or Lungs Foii owing Roentgen Irr vdiation H Voi-gt, Virchows 
Arch f path Anat 302 468, 1938 

In a patient wuth mammar\ carcinoma and another with Hodgkin’s disease, both 
of w'hom had been subjected to therapeutic roentgen irradiation of the chest, 
marked fibrosis of the lungs in the areas prciioush irradiated was found at 
autopsj This is considered the end stage of damage done to the lungs at tlic 
time of irradiation q p Sciiur r/ 

Extramedullary Plasmoc\toma H Voigt, Vii chows Arch f path Anat 
302 497, 1938 

Five examples of extramedullarj pIasmoc 3 toma and 1 example of plasmoc^tic 
granuloma are described Of the 5 neoplasms, 3 aiose m the upper air passages, 
1 in the maxillary antrum and 1 in the thjroid (the first lecordcd instance of 
such a tumor in this organ) The true tumors arc composed of cells of a single 
type, the plasma cell, W'hich maj'- re\eal considerable pleomorphism 

O T SCHUIT/ 


Medicolegal Pathology 

The Duret-Bernfr Hemorriiagls B D \m, Deutsche Ztschr f d ges geiichtl 
Med 29 366, 1938 

Berner, m his early observations on hemorrhages occurring in the floor of the 
fourth ventricle after injuries to the head, belieccd these hemorrhages impaired 
the function of the vital medullarj" centers and direct!} caused death In 1936 he 
questioned the importance of such hemoirhages as lethal agents and suggested 
that they might be meaningless agonal collections of blood resulting from dia- 
pedesis Duret produced hemorihages in the floor of the fourth ^entrlcle and in 
other parts of the brain by injecting quickly into the subdural space a large 
volume of liquid The similarity of the hemorihages observed by Duict and 
Berner under widely different ciicumstances led to the emplojmcnt of the 
hyphenated name “Duret-Berner” to designate a special type of extravasation In 
investigating hemorihages of this nature, Dahl chose 50 corpses in widcl} dnergent 
groups as concerned terminal illness and mode of death 

The subjects in the first group died suddenly from coronary scleiosis, pul- 
monary emboli, convulsions with epilepsy, gunshot w'ounds, hanging, acute alco- 
holism and strychnine poisoning The second group w'as afflicted with acute 
illnesses, such as septicemia, otitis media, hemorrhagic diathesis and acute infec- 
tions and intoxication The third group died of chronic illnesses, such as car- 
cinoma, sarcoma, tuberculosis, pernicious anemia and chronic cardiac and renal 
ailments The results of the studies of the biains m the three groups ivere 
strikingly similar Hemorrhages occurred regularly in the pia, especially in the 
sulci, where small collections of blood apparently w'ere due to diapedesis and 
larger collections came from actual tears in the lenules, w'hicli could be demon- 
strated in serial sections 

Rows of veins w^ere grossly visible in the floor of the fourth ventricle in front 
of the stria acoustica These veins had an extia-wide perivascular space w'hich 
had to be traversed by tributary venules In the Mcinity of these veins ring 
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hemorrhages were most common They drained to a focal point in the pons, and 
the resulting cluster did not allow all the ^elns to empty at once As a result, 
some veins became overdistended and ruptured Similar hemorrhages weie found 
in the lung, mesentery and other parts of the body As a rule, quick death is 
associated with numerous hemorrhages in the brain, as aie ailments which lower 
the resistance of the veins — e g, leukemia, hemorrhagic diathesis and anaphylactic 
shock Still other conditions cause hemorrhages by an increase in venous pressure 
as encountered m strangulation, forcible respiration and compression of the 
abdomen 

Experiments on guinea pigs and rabbits failed to produce hemorrhages in the 
brain similar to those seen in human beings An explanation for this is found in 
the fact that m these animals the veins in the vicinity of the fourth ventricle are 
distributed evenly and do not cluster in a pontile knot as do the veins in man 
Dahl believes that the hemorrhages observed by Berner and Duret are not the 
same He contends that the Berner hemorrhages are not the cause of death but 
are the result of the true cause of death, as are agonal hemorrhages elsewhere 

George J Rukstinat 


Cerebral Changes in Cases or Sudden Death A Welz, Virchows Arch 
f path Anat 302 657, 1938 

In 4 cases of sudden death no adequate gross cause of death could be discoiered 
at necropsy The persons had previously been apparentlj healthy Microscopic 
examination revealed a form of encephalitis characterzed by perivascular lympho- 
cytic infiltration of the brain and meninges The condition is not believed to be 
a specific form of encephalitis The author’s concept is that some previous infec- 
tion had altered the reactivity of the vessels, causing them to react by a cellulai 
exudative process to some factor, such as trauma, anesthesia, intoxication or 
infection, insufficient in itself to cause death The end effect is looked on as a 
cerebral circulatory death O T Schultz 
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NEW YORK PATHOLOGICAL SOCIETY 
ALrRHD PlAUT, Picsidcitt 
Charles T Oicott, Scactmy 
Rrgulai Meeting, Nov 30, 193^ 

Subacute Endocarditis with Systemic Moniliosis S II Poi wis 

A white man 4S yeais of age, a diug addict for twentj \cars and, in the par- 
lance of drug addicts, a “main line sliootei” (inoculating himself intravenously) 
was brought into the Cumberland Hospital, of Brookhn, April 24, 1939, complain- 
ing of epigastric pain, vomiting and fever of two dajs’ duration Since Januari 
1939 he had been suffering from pains in joints and muscles and was gradually 
becoming w'eakei He had had gonorrhea tweiitj-ninc jears before, diphtheria 
tw^elve, a cardiac murmui four and pneumonia two 3 cars before His father died 
of tuberculosis 

This man presented evidence of chronic illness, a “spiking” temperature, a pulse 
rate of 114 and 28 respirations per minute The blood pressure w’as 90 SNStohe 
(there is a question as to the diastolic pressure) Ihcre were blue spots in the 
skin along the veins of the arm A rough aoitic sjstolic murmur was heard 
A roentgenogram of the heart show'ed a mitral configuration There was abdom- 
inal tenderness to deep palpation The skin showed crops of petcchiac Ihcre 
w'ere transitory cutaneous nodules in the palms and soles There were splenic 
enlargement, sternal tenderness, pains in joints and chills Death followed se\cn 
weeks after admission 

During the course of this man’s illness each of thirteen blood cultures showed 
pure colonies of monilia The rest of the laboratoij data arc not pertinent 
A biopsy of the skin thiough the blue specks revealed a foreign bodv granu- 
lomatous reaction caused by iron-free pai tides of debris (probablv introduced 
w'lth the needle) 

On postmortem examination the heart show'cd the most interesting of .all the 
changes The right posterior cusp of the aortic valve was almost complcteh' 
replaced by a cauliflow'cr-like mass of vegetations composed of monilia, leukocytes 
and fibrin The mass projected 4 cm upw'ard into the lumen of the aorta, at 
the base it w'as continuous with a fluctuating mass of necrotic stiucture and 
colonies of monilia, wdiich produced a bulging of the right atrial w'all, perforating 
at a point just above the medial cusp of the tiicuspid valve 

The complete list of anatomic diagnoses follows monihal endocarditis , fibrosis 
and calcification of the aortic valve, acute interstitial myocarditis and peiicaiditis , 
myofibrosis cordis , infarcts of the spleen and kidneys , hemorrhagic pneumonitis , 
acute hepatitis , meningoencephalitis and hemorrhages of the spinal cord , aneurysm 
of the superior mesenteric artery, subcutaneous foreign body granulomas of the 
upper extiemities 

DISCLSSrON' 

Amour F Liber Was any attempt at theiapj’’ made^ 

S H PoLAYES We used sulfanilamide, if that is w'hat you mean 

Amour F Liber No, there are several other treatments for mycoses 

Hyperparathyroidism in Infancy and Childhood Dorothy H Andersen 
( by invitation) 

Within recent years patients with hyperparathyi oidism have been found to be 
divisible into two groups (1) those whose condition is due to a primary adenoma 
of the parathyroid, and (2) those whose condition is due to hyperplasia of the 


448 



SOCIETY TRANSACTIONS 


449 


parathyroid, secondary to prolonged severe renal insufficiency In the first group 
the symptoms may be relieved by parathyroidectomy, but in the second group 
such relief is only temporary In both groups there are bone changes of a 
similar natuie, a disturbance of the calcium and phosphorus metabolism and 
sometimes metastatic calcification The concept that prolonged renal insufficiency 
produces hjperplasia and hypei activity of the parathyroids is on a firm basis 
^^hthln recent years it has been recognised that renal rickets is a form of renal 
hyperparathyroidism occurring in late childhood and bears the same relationship 
to adult renal hyperparathyroidism that gigantism does to acromegaly 

A case is reported of renal hyperparathyroidism m an infant dying at the age 
of 6 months of calcification of the arteries, including the coronary arteries This 
case presents the essential characteristics of the disease (1) a severe renal 
insufficiency, due m this instance to congenital hydronephrosis and cystic kidneys , 
(2) hyperplasia of the parathyroids, (3) high serum phosphorus and nonprotein 
nitrogen, low serum calcium and low carbon dioxide-combimng power, (4) the 
bone changes of mild hyperparathyroidism, and (5) metastatic calcification of the 
middle-sized arteries Death was apparently due to a coronary infarct The 
chief points of difference from the adult disease were the lesser degiees of para- 
th^ro^d hyperplasia and of bone changes 

Architecture of the Amyloid Kidney Jean R Oliver 

This presentation consisted of a demonstration of drawings and photogiaphs 
of microdissections of amyloid kidneys 

The places of deposit of the amjloid in the early and late stages of the disease 
were shown, and it was emphasized that the deposition of the amyloid cannot be 
an infiltration which proceeds from certain points in the vascular tree but is a 
scattering of minute deposits which ultimately fuse The new formation of vas- 
cular branches from the arteries direct to the tubular circulation was also 
demonstrated 

The distortion of nephrons is similar in character to that seen m other forms 
of chronic Bright’s disease The processes of hypertrophy and hyperplasia are, 
as in these other forms, limited to the proximal convolution Aglomerular tubules 
are also present These parenchymal distortions seem to be chiefly the effect of 
a reactive inflammatory process occurring in the interstitial substance of the organ 
An examination of the topography of the amyloid kidney shows that the same 
sorts of metallaxis are found in it as in other forms of chronic Bright’s disease 

DISCUSSION 

Paul Klemperer I should like to ask whether the preparations came from 
kidneys which were small Or were they still large? I ask the question because 
patients with so-called amyloid contracted kidney rarely have a history of amyloid 
nephrosis I wonder whether there are differences in the development of the 
contraction of the kidney in amyloidosis, therefore I should like to know whether 
the kidneys were small 

SiLiK H PoLAYES I should like to ask whether it is not possible that some 
of the infiltrate of the so-called interstitial nephritis which was observed might 
lepresent a coincidental infiltration which preceded the deposition of amyloid 
I ask that because one finds it so often in the kidney, not related to the pathologic 
alterations produced in the amyloid kidney 

Alfred Plaut I do not know if Dr Olver will like my question, but I can- 
not help it He has stated that there is no real relation between the morphologic 
changes in the glomeruli and those of the tubules I should like to know what 
Dr Oliver’s opinion is of the contradiction in this demonstrated fact with the 
w'ldely accepted opinion that the blood supply of the tubules to a large extent 
has to go through the glomerular loops Often in cases of glomerulonephritis 
one sees most of the glomerular loops almost empty, without any blood, and, 
nevertheless, sees little change in the tubules I have never been able to reconcile 
this with the absence of a nongloinerular blood supplj to the tubules as stressed 
hi most pathologists and anatomists 
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Dr Oliver has asked a question concci mng the word "mctallaxis ” I think 
this word should be pronounced as the more familiar term “parallaMs” is pro- 
nounced Both woids aie derned from the Greek allot to (aXXarrw), which means 
to change It is a good term and might be used not onij for tlic kidney and its 
vessels Certain structural changes that take place in the chromcallj congested 
liver, for instance, could be tcimed mctalla\is No other term in English nomen- 
clature is available for tins change, tlic Get man authors call it biitbau 

Jean R Oliveh In answer to Dr Klemperer's question, I might sa\ that inj 
co-workers and I did not dissect aiij \crj' small amjloid kidne}s We nc\er had 
ail}’’ kidney to winch we reallj' wanted to guc the name “contracted kidne\’’, In 
that I mean a kidnej 3 or 4 cm in longest dimension All of these specimens 
w'cre taken from kidne 3 S of about normal si7e Most were somewhat under 
normal, but they were not scvcrclj' contracted They were all kidnejs, for 
example, wdneh one could easily determine grossh to be annloid kidnejs kl} 
answer to his question cannot be ^crJ direct 

As to whether the inflammation which is found in these sections might be pre- 
existent inflammation, I do not know any wa> to dcin it As Dr Pola\cs 
points out, one finds such inflammation Acrj' commonK in all sorts of kidneys, 
but I don’t think that means it has nothing to do wnth the parenclnmal deformity 
that one finds m the same kidncjs, because that also is icry common I do not 
think there is anything specific or peculiar or primarj- or unique m the inflamma- 
tory reaction one finds m the interstitial tissue of the amjloid kidnej , neicrtheless 
that reaction is there, and I cannot sec how^ it can help but produce changes in the 
parenchymal structures 

The matter of the blood flowing through the glomeruli befoie reaching the 
tubules, which Dr Plaut brought up, is one of those considerations that ha\c been 
disturbing, as he sajs, to pathologists They look at the glomeruli and cannot 
see any patent blood ^esscls in them, and jet thej ha\c been taught that this is 
the only way that blood can get to the tubules I ha\e no doubt that in abnormal 
kidneys there are many w'ays that blood can get to the tubules other than thiough 
the glomeruli Dr Plaut mentions the Ludwng vessels There are also direct 
branches from the interlobular artery, and there arc artenoicnous connections or 
anastomoses that allow" the blood to flow" from the aiteij' into the vein, then back- 
ward out around the tubules It never seemed to me that this last w'ai" w"as a 
very efficient way of irrigating the kidney, but it might help When one looks at 
a section and sees occlusion of glomerular capillaries, one should lemember that 
one IS looking at only a few and that the condition of the capillaries varies in 
normal kidneys, some being patent and some shut It is therefore difficult to 
estimate the state of the circulation of the kidney b}" looking at a few sections of 
a few glomeruli 

I am thankful to Dr Plaut for the philologic discussion , it nevei occui red to 
me that the word “metallaxis” w"as similar to ‘‘parallaxis’’ , of course, it is 


CHICAGO PATHOLOGICAL SOCIETY 

S A Levinson, Piesidcnt 
\ 

Edwin F Hirsch, Seactaiy 
Regtilai Monthly Meeting, Dec 11, 1939 

Experimental Retinoblastoma Arthur Weil and L L Mater 

During experiments to produce retinal tumors by injecting carcinogenic 
chemicals into the eyes of white rats, the solvents lard and olive oil, alone, were 
found capable of stimulating the proliferation of retinal cells Experiments were 
then made on white rats by injecting superheated lard into the vitieous During 
the early stages a mass of granulation tissue developed The ganglion cells at 
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this stage were increased in number and size Three months after the injection 
of lard an increase in the width of the retina to two or three times its original 
width was observed, accompanied by an increase in the number and the size of 
the cells of the inner nuclear layer At this stage the cytoarchitecture of the 
retina was pieseived Gradually the outer reticular layer was narrowed by the 
proliferation of the cells of both nuclear layers Many rosettes were present, 
the small nuclei surrounding them had active mitosis During the seventh month 
the newly formed tissue completely filled the chamber and invaded the optic 
nerve The choroid was vascularized at this stage, but apparently theie was no 
proliferation of the cells in the pigmented layer The ciliary body was maikedly 
hypertrophied 

DISCUSSION 

Paul A Steiner On what basis do you distinguish between neoplasia and 
hyperplasia^ The characteristics of neoplasia include the penetration of the eye- 
ball by the growth, the production of metastases and the ability of transplanted 
tissues to continue growth Did the superheated lard become fluorescent and was 
the residual material saponifiable^ 

Arthur Weil In hyperplasia the normal structure of an organ is preserved, 
and the normal tissue cells are increased in number Applying this definition, I 
may say that up to the fourth month following injection of lard into the corpus 
ritreum the retina shows hyperplasia Later its cytoarchitecture is destroyed 
At first the outer reticular layer is invaded by newly formed cells, but about the 
sixth month there is invasion of the inner reticular layer, which, with its dense 
layers of nerve fibers, forms a barrier hard to penetrate Finally the entire 
posterior chamber is filled by the tumor The optic nerve, too, is invaded The 
retinal cells change their histologic appearance While noimally the nuclei of 
the inner nuclear layer measure from 5 to 6 microns and are hyperchromatic, the 
newly formed cells have large vesicular nuclei, 8 to 9 microns m diameter, and 
contain a few coarse granules of chromatin If one adds to the proliferating 
growth the destruction of the normal structure, the invasion of the optic nerve 
and the active nuclear division observed during the sixth month, there should be 
no doubt that there is a neoplasia of the retina 

In human retinoblastoma, metastasis to other oigans occurs rarely, but invasion 
of the optic nerve and finally of the brain is seen during the late stages Frac- 
tionation of the lard was attempted Separate fractions of the distillate up to 
250 C in vacuo were injected, without success Saponification with potassium 
hydroxide destroyed the neoplastic properties Trauma of the retina alone and 
injeetions of foreign bodies, such as a charcoal suspension, colloidal silver and 
cholesterol emulsions, did not lead to hyperplasia or tumor formation 

Enteric Intramural Herniation Following Colostomy George J Rukstinat, 
Chester B Thrift and Frank M Sylvester 

The factors predisposing to prolapse of the large bowel after colostomy are 
the length of the mesentery, which permits intestinal evagination , the weakness 
of the abdominal wall as a result of improper technic or of atrophy as a sequel to 
suppuration, and altered innervation of the intestine The direct cause of the 
prolapse may be active (e g , a violent straining effort at stool) or passive (e g , 
the aspiration action of a cup type of apparatus) 

The anatomic forms of prolapse are simple, involving only the mucosa of the 
colon, total, involving the entire wall of the colon, hernia of a small bowel into 
the colon , strangulated This report concerns elements of all the foregoing 
types and, in addition, the complications of extensive herniation of the small 
bowel between the fascial layers of the abdominal wall and a fistulous passage 
from the urinary bladder to the distal part of the colostomy loop 

A white man aged 76 complained of scalding urine, looseness of the bowels and 
occasional drops of blood in the stools, wdiich came from the proximal opening 
of his colostomy Simultaneously with the passage of fecal matter from the 
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proximal colostomy opening, urme was discharged from the distal opening 
Twenty-four years before the onset of these complaints he had not defecated for 
nine days and had had surgical intervention for a supposed tumor of the bowel 
A pelvic mass, palpated at operation at that time, was not removed, but a per- 
manent colostomy was established above the involved region Tliirtcen years 
later a protruding portion of bow'cl W'as resected from the upper colostomj open- 
ing Six; years later diabetes melhtus developed, which w'as controlled by dietary 
treatment On admission to the Loretto liospital with the complaints stated, the 
patient had a pendulous abdomen from w'hich the descending colon protruded 
32 5 cm from the proximal colostomy opening When the bladder filled, urme 
passed from the distal opening There was a large indurated mass m the pubic 
region, and another w’as palpated near the p}'lorus Three weeks later the patient 
w'as critically ill and dehydrated He had not defecated m forty-eight hours 

He had cramping pain m the upper part of the abdomen, and a large firm 
mass occupied the left hypochondrium to the umbilicus Death followed se\eral 
da 3 ’^s after ileocolic enterostomy 

The pertinent portions of the anatomic diagnosis w'cre hypostatic broncho- 
pneumonia, primarj-- carcinoma of the tail of the pancreas, generalired carcinoma 
metastases of the Iner, peritoneum and biliary lymph glands, marked extrusion 
of the proximal colostomi' loop, and herniation of the small bowel mtramuralli 
into the abdominal wall about the colostomj and into the protruding colostomj 
loop , vesicocohc fistula Tlic lumen of the distal portion of the colon and rectum 
W'as only 3 to 5 mm m diameter, the w'all was 8 mm thick, indurated and pale 
gray-white The fistulous tract was surrounded by connectne tissue and small 
nests of lymphocytes The absence of carcinoma from this part of the bowel 
suggests that the condition for which the original colostomy w'as done was 
probably a dnerticulum of the colon Inflammation of the w'all of the dnerticulum 
led to obstiuctions of the bowel, adhesions between the bow'cl and the bladder 
and, eventuallj', perforation of the bladder 

Hypertension (Goldblatt) and Unilateral Malignant Nephrosclerosis Otto 

Saphir 

Two patients had severe arteiial hj'pci tension secondarj' to unilateral renal 
vascular stenosis with consequent ischemia of one kidnej' Both of these had at 
autopsy unilateral malignant nephrosclerosis This unique finding could be 
explained bj' recent experimental evidence Goldblatt concluded from his experi- 
mental studies, primarily concerned w’lth tlie production of arterial hjpertension 
by clamping the renal arteries m dogs, that both hypertension and renal insuffi- 
ciency are the minimal pierequisites for the induction of artenolonecrosis, for in 
the absence of either of these factors no necrotiring changes are observed In 
each case reported here severe arterial hj'pertension was brought about by renal 
arterial changes resulting in ischemia of one kidney Renal excretory insufficiency 
subsequently developed in both cases It was precipitated in one instance bj' the 
onset of congestive heart failure and in the other by the development of acute 
ascending pj'elonephritis in the kidney opposite the ischemic one Because of the 
presence of the severe arterial hypertension and excretory renal insufficiencj'-, the 
arterioles in the contralateral kidneys, with patent vasculai system, showed necrotic 
changes, and these kidneys presented the typical picture of malignant nephro- 
sclerosis The arterioles in the ischemic kidneys revealed no necrotic changes 
because the stenosis of the renal and intrarenal arteries militated against the 
presence of severe hypertension within the arterioles Thus, the genesis of the 
malignant nephrosclerosis in these cases is exactly similar to that of the aiterio- 
lonecrotic changes produced experimentally by Goldblatt 

Dystrophic Calcification of the Myocardium with Glomerulonephritis 

R M Bolman 

This article will appear in full in a later issue of the Archives 
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Virus and Rickettsial Diseases, with Especial Consideration of Their 
Public Health Significance A Symposium held at the Harvard School of 
Public Health, June 12-17, 1939 Cloth Pp 907, illustrated Price, $6 50 
Cambridge, Mass Harvard University Press, 1940 

After twenty years of intensive investigation the world over, there has accumu- 
lated such a wealth of detailed knowledge concerning the filtrable viruses and the 
diseases they cause that need has arisen for a comprehensive and critical orienta- 
tion of the subject matter and theory both for the investigator himself and for 
students of medicine and allied sciences In response to this want, several excellent 
treatises have appeared in recent months, prepared by individual authors or by 
groups of authors, themselves authorities within their special fields The sym- 
posium held at the Harvard School of Public Health m June 1939 represented a 
response to the aforementioned need for a discussion and general consideration of 
virus diseases especially from the standpoint of public health, and the volume 
under review is the published product of that conference A general survey of 
rickettsial diseases, their clinical features, diagnosis, classification, epidemiologic 
features and immunity, was included because of certain analogies obtaining between 
them and the filtrable virus gi oups that have caused some confusion 

It is significant of the present absorbing interest in the virus field that most 
of the twenty-four authors of the thirty-four papers comprising the volume are 
investigators actively engaged in research on certain phases of the subject they 
present, and at a single univeisity or m its environment 

Each paper is a review of important advances m knowledge and theory related 
to the subject matter and is followed by a reasonably full bibliography The 
rather comprehensive introductory paper deals with “Epidemiologic Problems in 
Virus Diseases” and serves both to introduce the book and to emphasize the 
public health aspects of the diseases under consideration This is followed by an 
adequate consideration in three papers of physical and chemical properties, immu- 
nologic aspects and insect vectors of viruses and their diseases 

Subsequent papers deal almost exclusively with the more important virus dis- 
eases of man, namely, vanola-vaccima, measles, mumps, dengue fever, venereal 
lymphogranuloma, influenza, psittacosis, poliomyelitis, rabies, equine encephalomy- 
elitis, lymphocytic choriomeningitis, louping ill and yellow fever, m the order 
mentioned 

The several contributions are for the most part of excellent critical quality, 
though a few are rather summary Certain contributors are, as might be expected, 
more at home when dealing with special phases of individual problems than in a 
general consideration of theory and outlook The subject of viruses is perhaps 
not yet quite ripe for indulgence in generalization, but there is noticeable a certain 
haziness of ideas as well as looseness m the use of terms that even now should 
be applied more precisely It seems to this reviewer, for example, no longer 
justifiable to use the term “ultramicroscopic viruses” with comprehensive signifi- 
cance when it IS well known that the elementary bodies of such virus lesions as 
those of fowlpox, molluscum contagiosum and others can be very easily seen in 
fresh preparations through a high power oil immersion system and that these 
structures might well be the formal representations of the respective active agents 
so far as observers know at present Furthermore, while the authors generally 
accept the point of view that viruses invade and undergo multiplication inside of 
cells as necessary conditions to infection, there seems at times to be a lack of 
critical appreciation of the desirability of more precise knowledge respecting this 
cytotropic property, especially from the standpoint of claritv in thinking and in 


453 



454 


ARCHIVES OF PATHOLOGY 


investigation of pathogenesis For example, in the discussion of classification of 
virus diseases of the central nervous system (p 617) some point is made to criticize 
a rather loose use of the adjective “ncuiotropic,” jet the author himself indulges 
with unconscious ease and evident innocence in tlie acceptance and use of sucli 
indefinite and confusing adjectives as “pantropic” and “Msccrotiopic” as bases for 
orderly airangement It is leficshmg to sec one author (p 720) take exception 
to such confusion, although nowhere in the book is the basic hypothesis of cjto- 
tropism of viiuses clearly and understandmglj considcied 

The aolume as a wdiole is a timely one and will be of great help to students, 
teachers and investigators of disease gcneialh 

Diseases of the Gallbladder and Bile Ducts Waltman Walters, B S , D , 
MS, ScD, and Albert M Snell, BS, MD, MS Pp 645 Price SIO 
Philadelphia W B Saunders Compam, 1940 

One of the impoitant ad\anccs in modern medicine has been the deiclopment 
of review's of subject material in monograph foim Tlie rc\iews in the basal 
sciences have fci the most part been chaiactcnzed b\ a greater depth of scholar- 
ship than is apparent in those in the clinical fields of medicine This book bj 
Walters and Snell, w'lth eight of their associates at the Iilajo Clinic, can be 
compared favorablj w'lth the best of the renews While little appears that is 
new', the authors ha\e gathcied together a great deal of published data bearing 
on the biliary tract from many angles, and the compilation is equal to the high 
standards w’hich one has come to associate with the work of the Rochester gioup 
The bibliography is superb and is a good point of reference for wider studies 
The anatomy, plnsiologj' and pathologj ol the biliary tract are renewed, 
and then the clinical aspects of diseases m this sjstem are consideied, followed 
by details of medical and surgical treatment The surgical aspects of the field are 
considered in the greatest detail Ihe book is w'ell illustrated with 195 figures 
In parts the book is repetitious, and the etiologj of gallstones and the 
pathology of cholecystitis are discussed m scteral scattered places A second 
edition w'ould profit by more efficient arrangement and condensation Se\cral 
contradictory statements are made at times bj the same author Thus, one leads 
“A review' of this large senes of surgicallj remo%ed gallbladders suggests that 
gallstones, regardless of w'hether they aie metabolic or bacterial in origin, con- 
stitute the greatest menace to the welfare of their hosts’ (p 86), and “Judging 
from the fact that accoiding to postmortem records a relativelj high percentage 
of individuals have stdnes and the fact that so ^erJ' few people die directly from 
gallstones in the gallbladder it might be suggested from this material that removal 
of gallstones simply because they are found roentgciioscopically is not justified, 
especially if their host has no incapacitating signs and symptoms ’’ (p 87 ) 

The chemical nomenclature at times is loose, thus, sodium hypochlorite is 
referred to as “chlorinated soda” (pp 45 and 47), and such statements as “w'hite 
stones are largely composed of calcium” (p 84) are obviously rich in misnomers 
One also could wish for a treatment of precipitation in bile from the standpoint 
of physical chemistry 

The book is highly recommended to those especially interested m the biliary 
tract 
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SO-CALLED MIXED TUMORS OF THE MAMMARY 
GLAND OF DOG AND MAN 

WITH SPECIAL REFERENCE TO THE GENERAL PROBLEM 
or CARTILAGE AND BONE FORMATION 

ARTHUR C ALLEN, M D 

NEW YORK 

A Striking discrepancy in comparative pathology that has been lecog- 
nized but that has remained unexplained for more than a century is the 
remarkably high incidence of cartilage and bone in tumors of the mam- 
mary glands of dogs as contrasted with man ^ Precise statistics on 
histologically studied material are scarcely available Nieberle ^ reported 
that 75 per cent of the neoplasms of breasts of dogs are mixed tumois 
in which cartilage is “frequently” present and bone somewhat less fre- 
quently Of the 28 tumors described by Glendining,^^ cartilage or bone 
was found in 5, or approximately 18 per cent Of 13 mammary tumois 
examined in this laboratory, cartilage or bone was present in 4 , or 
about 30 per cent On the other hand, mammary tumois containing 
cartilage or bone are lare in man (Wilms®, Thinnes^, Sehrt^’^) 
Gross ® stated in his monograph that he had seen only 1 case of 

George Blumenthal Jr Fellow in Pathology 

From the Laboratories of the Mount Sinai Hospital and the New York Zoo- 
logical Park 
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ossification of the bieast, that ot an ossif 3 Mng fibroma Labbc and 
Coyne stated that they bad ne\ei obsened such tumors and insisted 
that those desciibed in the liteiatuie (up to 1876) were all disputable 
Cheattle and Cutlei ° mentioned that in then entiie expeiience they 
bad seen only 2 examples of caitilage in the human bieast lieutei 
and Kanenstem' in 1906 collected 5 instances of cbondi osarcoma and 
3 of osteosaicoma fiom the Iiteiatuie In 1927 Tbinnes lecogmzed the 
cases of only eight autbois as definiteh instances of osteocbondiosaicoma 
Gomoii ® 111 1936 ivas able to collect fiom the liteiatuie onh 6 instances 
of mammaiy tumoi with ‘bvell-developed bone tissue as a cbaracteiistic 
element ” Although the actual mimbei of such tumors is undoubtedl} 
gieatei than the citations indicate, neieithelcss, then lelatne laiit} 

1 emams unquestioned 

Mammary tumoi s containing caililage and bone are uncommon also 
in the horse, cow, goat and sheep (FreM*") In repoits of obsenations 
made on hundi eds of spontaneous mammai ) tumoi s of mice b} Haddow '' 
and Haaland,^® no mention is made of the piesence of caitilage oi bone 
Mm lay “ lecoided a single caitilaginous tumor among 87 such giowdhs 
How^ever, m a senes of 87 spontaneous sai comas of Aarious oigans of 
mice, Slye, Holmes and Wells found 4 “subcutaneous or mammaiy” 
tumors containing caitilage In expeiiments with a transplantable 
caicinoma of mice, wdiich is desciibed as having undeigone saicomatous 
tiansfoimation, WoglonM^ obsened the presence of caitilage in 3 of 
the 4 mammaiy tumoi s in the second geneiation In legaid to lats, 
Bullock and Curtis found no cartilage oi bone m 94 spontaneous 
tumoi s It may be safeh concluded, theiefoie, that the incidence of 
cartilage and bone m tumoi s of mammaiy glands is peculiarly high in 
dogs 

Theie aie, to be sure, othei disci ejiancies in compaiative oncolog) 
which lack adequate explanations It is w^ell knowui, foi example, that 
tumoi s of the lip, esophagus, stomach (except the senes of tumors 
of rats leported by Bullock and Curtis) and lectiim aie lelativel) laie 
in animals^® This is in stiong contiast to then fiequenc}'- in man 

6 Cheattle, L , and Cutler, M Tumors of the Breast, Philadelphia, J B 
Lippincott Compan^ , 1932, p 485 

7 Heuter, C , and Karrenstein Virchows Arch f path Anat 183 495, 1906 

8 Gomori, G Am J Surg 33 150, 1936 

9 Haddow, A J Path & Bact 47 553, 1938 

10 Haaland, M Scient Rep Invest Imp Cancel Reseaich Fund 4 1, 1911 

11 Murray, J A Scient Rep Invest Imp Cancer Research Fund 3 41, 1908 

12 Slye, M , Holmes, H F, and Wells, H G J Cancer Research 2 1, 1917 

13 Woglom, W H J Cancer Research 3 47, 1918 

14 Bullock, F D, and Curtis, MR J Cancer Research 14 11, 1930 

15 Dobberstein, J Virchows Arch f path Anat 302 1, 1938 Wells, H G , 
Slye, M , and Holmes, H F Am J Cancer 33 223, 1938 Moschkowitz, L , 
and Sprinz, H ibid 38 271, 1940 Kitt^® Slye, Holmes and Wells 
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It IS felt that in the explanation of such diffeiences there must he 
facts of fundamental oncologic and possible histologic importance, par- 
ticularly as relates to the much controverted subjects of chondrogenesis 
and osteogenesis It was therefore decided to reconsider the subject 
when the opportunity for studjung these mammaiy tumors piesented 
Itself Those who have written on the piesence of cartilage and bone in 
the breast have generally been concerned not with the leasons for the 
high incidence in dogs but with the genesis of these tissues The puipose 
of this communication is therefore twofold 

1 To attempt to trace the genesis of cartilage and bone in these 
tumors 

2 To endeavoi to isolate those factois peculiar to the dog which 
may he responsible foi the unique incidence of caitilage and bone- 
containmg mammary tumors m that species 

AIATERIAL AND METHODS 

The material to be considered includes 4 mammary tumors from dogs and 1 
such tumor from a woman In addition, because of certain features of the genesis 
of the cartilage and bone, 5 cases of gelatinous carcinoma of the human female 
breast are briefly analyzed 

The following stains were used hematoxylin and eosin, Weigert and Van 
Gieson, Mallory’s aniline blue, Best’s carmine, Mayer’s mucicarmine, Bielschowsky's 
silver, toluidine blue, iron and sudan The tissues were subjected to pancreatic and 
tryptic digestion for aid in the differentiation of collagen and reticulum from mucus 
and fibrin 

TUMOR FROAI DOG 322 

Maa oscopic Obser-vations — The specimen was removed surgically from a 7j4 
jear old female Russian wolfhound The tumor consists of a roughly spherical, 
moderately firm mass about the size of a grapefruit, measuring 14 cm in diameter 
The mass is covered by easily cleaved, apparently uninvolved skin except along 
the resected surface, which is formed by tumor The sectioned surfaces present a 
variegated appearance They are for the most part gravish tan mottled irregularly 
with pale to slate gray tissue, in which are scattered small areas of deep brown 
pigment Numerous cysts measuring up to 3 cm in diameter are present On close 
examination, one is able to distinguish several small gra\ irregular foci, which 
have the consistency of cartilage 

Mia oscopic Obscivatwns — The sections present a verj heterogeneous picture 
The tumor is composed, for the most part, of irregular nodules of glands sur- 
rounded by varying widths of fibrous tissue, which occasionallj appear com- 
pressed into pseudocapsules In places, this stroma is invaded, with consequent 
disappearance of part of the capsule and coalescence of adjacent nodules Scattered 
in the stroma are several small abscesses, as well as numerous macrophages filled 
with fat, carminophilic droplets and iron pigment 

The glands are highly irregular in size and shape Some are filled with a 
homogeneous, apparently albuminous eosinophilic secretion, which does not take the 
carmine or toluidme blue stain and in which macrophages and polymorphonuclear 
leukocytes are frequent Many of the glands are lined by stratified layers of 
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columnar cells ^^Ilh large, modcratcK \csicular nuclei showing little aUpisiii 
One IS frequently able to make out an incomplete la^cr of “basket" or nno- 
epithelial cells along the outer border of the glandular cpithehuni, just adjacent 
to the basement mciiibiane Ihe epithelium of mam of tlie glands forms stalkhkc 
invaginations with delicate central fibrous cores Some 01 the glands are partial!) to 
complctel} filled with compact cellular masses 

Of particular interest arc those glands whose ninerniost laser ot epithelium is 
just beginning to loosen and to sepanite from the idjacent eclls In these, one 
frequentlj sees cainiinoplulic droplets, both m the cvtoplasm and in the inter- 
cellular fluid The intcrcellulai spaces become progiessneh wider, and the 



Fig 1 (dog 322) — This section illustrates sec oral of the carlj tiansitional 
stages in the development of cartilage fiom epithelium Note the gradual separa- 
tion of the adult epithelium first into a rctiform pattern and finally into completely 
isolated single cells, pairs or small clumps As W'lth normal epiphysial cartilage, 
both the matrix and the cells exhibit an increase in carminophilia, as well as meta- 
chromasia with toluidine blue, wnth the piogrcssion of the transition from the 
compact epithelium at A to the isolated cells at B Heniatoxjdin and eosm 

cells appear pushed farther and farther apart, w'lth resultant gradual encroach- 
ment on, and finally obliteration of, the lumen of the gland In short, wdiat was 
once stratified epithelium cuffing a lumen has become a delicate laciform tracery 
(fig 1) Where the intercellular fluid has accumulated in sufficient quantity, tins 
reticular network originating from the glandular epithelial lining is forced apart, 
and the cells become isolated in a mucoid matrix (figs 2, 3 and 4) In the 
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Fig 2 (dog 322) — This field demonstrates clearly the mechanism of isolation 
of the originally adult acinar epithelium within the mucocollagenous matrix and 
the end stages of the transformation into cartilage The arrow points to a cell 
about to be enclosed by matrix Hematoxylin and eosin 



Fig 3 (dog 322) — This section illustrates the transition of epithelium into 
cartilage b\ the process of disruption of the acinar epithelium (A) iMthin the 
mucocollagenous matrix The cells m the end stage (5) are indistinguishable from 
chondroc\tes Hematoxvhn and eosin 
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meantime the cells have become spindle shaped and often are filled with carminophilic 
droplets The matrix in which they are embedded generalh stains onh faint 
pink with carmine or mucicarmine but manifest definite metachromasia with 
toluidine blue The basket cells appear to suffer the same fate as the remainder 
of the epithelial lining, and they, too, come to he loose in the fluid matrix 
However, one does not observe selective proliferation of these cells The normal 
ratio between these mvoepithelial cells and the remaining epithelial cells is at 
most maintained and is frequentlj diminished 

Scattered through the matrix are partiallj fragmented fibers wdiich stain pink 
to red with acid fuchsin, pale blue to deep blue with aniline blue and ^ellow'lsh 
brown to black with silver and w'hich for the most part resist trjptic and pancreatic 



Fig 4 (dog 322) — High power magnification of a caitilaginous focus, illustrat- 
ing the mechanism of isolation of epithelial cells by the matrix The airow points 
to a disrupting clump of acinar cells Bielschowsk} ’s silver stain 


digestion Thej are therefore identifiable as collagenous and leticulum fibers 
The source of the reticulum fibers appears most likely to be the arg>rophilic 
basement membrane of the disrupted acini Part of the collagenous tissue obviously 
arises from the surrounding stroma, since definite continuity is observed in man\ 
places Collagenous fibers are seen also directly w'lthin the mucus, however, as if 
there has occurred collagenous transformation of the mucus, or, at any rate, 
partial replacement of the latter b> collagenous fibers 

In those areas w'here the metachromasia is most pronounced, there are isolated 
epithelial cells partially surrounded by coves of matrix or actually completely 
enclosed in lacunae (figs 2, 3 and 4) The c\toplasm of these cells contains 
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abundant carminophilic granules, as does the cytoplasm of chondrocytes The cells 
are anchored to the lacunar walls by cytoplasmic strands, as if the remainder 
of the cell had shrunken In some of the lacunae one sees, just inside of their 
capsules, granular eosinophilic material, which is found commonly in normal 
cartilage Small droplets of fat are seen in some of the cells In general, the 
nuclei appear viable, although here and there are imprisoned degenerating epithelial 
cells Such foci are histologically indistinguishable from true hyaline cartilage 
It IS noted that the more closely these various portions of the tumor approach 
the histologic pattern of cartilage, the more carminophilic and metachromatic does 


* ' J ^ * ‘*v> ' <rh‘ '*■ \ i 

> ^ - f- . •. /'P'H, 

L' r f * •> j , 

r- > - , C.' 


t 

''J. 


' ^ V y 

I 1 ' >• ^ y A 

4 * •'* t /' 

ft * • 


,* '■ 

-- 4 


t 


C* ^ % X < ^ 

' J ' — ' <- ^ 

'1 • Y 4 A' 1 ' M 

' ' 4 , ■* *5 

. r. ’ 

't: 


5> * n* ^ ^ ' ' ' Y t ^ " 

s. ^ ^ • > : ,«stek 4 r> i , y 4.'' ' 

• '■ " ' '. -V 


. A*' 


4- 










rs 


-v^'- -.;4 ',/0cy-L y N 


h*. e- 
fv, '• 


Fig 5 (dog 322) — Note transition from light to left of epithelium to eailj 
cartilage by the process of dispersion and isolation of the epithelial cells m an 
increasingly carminophilic and metachromatic matiix Hematoxylin and eosin 


the matrix become In parallel manner, the enclosed cells stain progressively 
more deeply with carmine as the tissue takes on the appearance of cartilage 
Diagnosis — The tumor is a mvxochondroadenocarcinoma 
Continent — This tumor is interpreted as representing an adenocarcinoma with 
foci of transformation of epithelial cells into mjxomatous tissue and cartilage 
In this process there has occurred a replacement of a mucoid fluid by collagenous 
tissue It IS impossible to be certain whether or not this replacement signifies 
direct conversion of mucus into collagen — a phenomenon acknowledged bi Ehrich,iG 


16 Ehrich, E Beitr z klin Chir 51 368, 1906 
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von Ebner,!’’ Ricker and Schwalb^® and Ewing — or derivation from pieevisting 
collagen It is significant that the progressivelj'^ increasing carminophilia of the 
transition stages of the “epithelial cartilage” parallels that observed in the 
developing epiphysial cartilage (Harris 

TUMOR FROM DOG 701 

The specimen was removed from the mammary region of a stray adult female 
bitch of unknown age 

Macroscopic Obseivatwns — The specimen consists of a spherical, moderately 
firm tumor mass about the size of a walnut (3 cm m diameter), to which the 



Fig 6 (dog 322) — Nonencapsulated foci of cartilage Note the increasing 
metachromasia as the epithelial tissue and its matrix progressively acquire the 
characteristics of cartilage Toluidine blue 


overlying skin is adherent The sectioned surface is pale purple gray mottled 
with bright yellow, 2 to 3 mm flecks Several areas varying from 4 to 8 mm 
in diameter are light gray and have the consistency of cartilage Two large cysts, 
measuring 12 by 0 5 and 1 5 by 0 8 cm , are present at the periphery 

Microscopic Obseivations — Sections show the tissue to be composed of glands 
with marked variation in size and shape Several areas are necrotic, hemorrhagic 

17 \on Ebner Ztschr f Zool 62 469, 1896 

18 Ricker, G , and Schwalb, J Die Geschwulste der Hautdrusen, Berlin, 
S Karger, 1914, pp 210-224 

19 Hams, H A Nature, London 130 996, 1932 
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and loosely infiltrated with polymorphonuclear leukocytes Irregular deposits of 
calcium are present in some of these necrotic areas The glands are lined by 
columnar or polygonal cells containing large hyperchromatic nuclei with one or 
more prominent nucleoli Mitotic figures are abundant In many glands the 
epithelium is stratified or papillary and frequently fills the lumens In several areas 
the epithelium is reticulated so as to simulate parts of the tumor of dog 322 In 
addition to the reticulated epithelium, the cells of which are separated by a homo- 
geneous fluid, there are found glands in various stages of disruption lying loose in 
the eosinophilic, partially metachromatic (toluidine blue) matrix As m the previous 
case, there are a few areas where one can easily follow the isolation of these 
cells within the mucoid matrix There are, in addition, however, isolated spindle 
cells with vesicular nuclei which strongly resemble fibroblasts The cytoplasm of 
both these types of cells, as they he isolated in the matrix, is vacuolated and 
markedly carminophilic Some of the cells lie in lacunae surrounded by “cap- 
sules,” to which shreds of cytoplasm are adherent, as if the irregular spaces 
within the lacunae are the consequence of the cytoplasmic vacuolation About some 
of the lacunae harboring intact cells, as well as near several clumps of cells not in 
lacunae but within matrix, there is a sprinkling of fine calcareous granules An 
occasional nucleus in these regions is intensely basophilic, as if calcified In those 
areas where chondnfication has progressed, one observes an increasing affinity of 
the matrix for aniline blue and carmine, as well as distinct bluish (Mallory’s aniline 
blue) bundles of collagenous fibers 

Diagnosis — The tumor is a myxochondroadenocarcmoma 

Comment — ^The cells taking part in the chondnfication appear to be both 
epithelial and mesenchymal Collagenous fibers within the matrix are obvious 
It IS interesting to note the affinity of the matrix for calcium as shown by the 
presence of the calcareous granules, particularly about lacunae containing intact 
cells The affinity of the perilacunar matrix for calcium is exhibited generally 
in the calcification of ordinary osteoid tissue (Dibbelt^o) 

TUMOR FROM DOG 112 

The animal was an 11 year old female Kerry blue terrier 

Macioscopic Obseivatwns — The specimen consists of an oval encapsulated 
firm tumor mass, measuring 6 by 4 cm , removed surgically from the hindmost 
breast The overlying skin is not adherent The sectioned surface is pale purple 
gray mottled with yellow flecks and several small hemorrhagic areas The con- 
sistency of the sectioned surfa<_e is similar to that of raw potato 

Mia oscopic Obsei vahons — Sections reveal the tumor to be composed principally 
of hyaline cartilage and osteoid tissue merging with compact nests of polygonal 
cells with large hyperchromatic nuclei and prominent nucleoli Mitotic figures are 
numerous The cytoplasm of these cells is relatively abundant and occasionally 
tapers at either pole, particularly near the periphery of the cell nests In these 
regions the cells appear to merge with the surrounding scanty stroma In other 
portions the cells become separated by varying amounts of a hyaline eosinophilic 
material The cells in these areas he in lacunae as the matrix apparently inspissates, 
acquiring a bluish tint (hematoxylin and eosin) as well as a pronounced affinity 
for aniline blue The cytoplasm of these cells is vacuolated, but the nuclei appear 
intact The picture in these areas is indistinguishable from that of hyaline cartilage 
and includes the property of marked metachromasia The carmine stain, however, 

20 Dibbelt, W Beitr z path Anat u z allg Path 50 411, 1911 
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IS negative, probabl}' owing to dela}'ed fixation About the areas of osteoid and 
osseous tissue the tumor cells are frequentl)' aimed in a regular low so as to 
resemble osteoblasts Numerous giant cells corresponding to osteoclasts are also 
present both at the peripher}' of these foci and within the cellular portions of 
the tumor There are several areas of hemorrhage and necrosis with infiltration by 
polymorphonuclear leukocytes, lymphocytes and macrophages 

No actual gland formation is present within the tumor proper However, 
at the periphery there are encapsulated nests of glands with marked papillary 
projections of epithelium which are not carcinomatous Several cysts are present 
which are filled with an eosinophilic, nonmetachromatic secretion 
Diagnosis — The tumor is an osteochondrosarcoma 

Comment — The cells within the chondral, osteoid and osseous tissue appear to 
be mesenchymal tumor cells 





Fig 7 (dog 166) — Chondroadenocarcinoma of a mammaiy gland with stromal 
chondrification and ossification Note the encapsulation and the location directlj 
beneath the skin Trauma to this mammarj' gland is obviously borne almost 
wholly by the tumoi 

TUarOR FROM DOG 166 

This dog was an adult bitch , the exact age is unknown 

Maci oscopic Obseivatwns — The specimen consists of a tumor removed at 
autopsy from the left caudal mammary gland It is a firm walnut-sized mass 
(3 bv 2 5 cm), completely enclosed in a thin fibrous capsule The cut surface 
presents a motley of colors, including the deep purple-brown of old hemorrhage 
interspersed with irregular areas of grayish white and yellowish tan The latter 
areas grate as if composed of bone 

Mici oscopic Obseivahons — Sections reveal the tumor to be composed pre- 
dominantlj" of nests of irregularly patterned glands of var 3 ung sizes and shapes 
These are lined for the most part by a single layer of columnar cells with vesicular 
nuclei containing prominent nucleoli Mitotic figures are absent Occasionallj 
the glands are partially occluded bj' projections or stratifications of epithelium 
Here and there the lumen of a gland is completelj' obliterated by epithelium, which 
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has become reticulated as if fluid had accumulated between the individual cells 
and forced them apart These epithelial cells appear progressively to acquire a 
more definite spindle shape so as to simulate within their fluid matrix a myxomatous 
tissue In several areas, each about the size of a low power field, the cells no longer 
are spindle shaped but appear to have drawn in their cytoplasmic processes and 
to have become isolated in a matrix Their cytoplasm is vacuolated and slightly 
carminophilic Capsular rims are present about them, thereby simulating chondral 
tissue The matrix takes the Van Gieson and Mallory stains for collagen and is 
not digested by pancreatin As with ordinary cartilage, the metachromasia of 
these portions of the tumor is intense In other parts, irregular trabeculae of 



Fig 8 (dog 166) — Bony trabecula in stioma Note at A the apparent advanc- 
ing line of ossificaiton and the absence of osteoblasts m this region where, according 
to the current concept of the secietion or transformation of the ectoplasm of 
osteoblasts, they ought logically to be found Instead, this seems to represent a 
diiect transformation of viatni e fibrous tissue with incidental inclusion of cells 
(osteocytes) Hematoxylin and eosin 

mature bone are found These show typical laminations, rims of osteoblasts, 
scattered osteoclasts and a fatt 3 '^ “marrow” with small islets of cells, which are 
predominantl> polvmorphonuclear leukocA'^tes Some of the bony trabeculae merge 
with small foci ot h} aline cartilage This transition, which appears to be gradual 
in sections stained with hematoxjlin and eosin, is seen to be sharp in those stained 
with toluidine blue In these the intenseh’^ metachromatic cartilage is contrasted 
with the pale blue-staimng adjacent bone The osteoid and osseous tissue ^ppears 
in places to be directlv continuous with the collagen of the stroma as if there 
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had taken place a direct transformation therefrom Furthermore, about parts 
of some of the trabeculae, osteoblasts are absent (figs 8 and 9) There is also 
much evidence of old hemorrhage in the stroma in the form of numerous collections 
of macrophages filled with iron pigment, as well as scattered foci showing acute 
and chronic inflammatory reaction 

Diagnosis — The tumor is a chondroadenocarcinoma wnth stromal chondrifica- 
tion and ossification 

Comment — This tumor is interpreted as an adenocarcinoma wnth cartilage 
derived from epithelium as w'ell as from stroma Bone, formed apparcntlj by the 
direct ossification of the stroma, is also present 



Fig 9 — Higher magnification of pait of figure 8 Note the continuity at the 
advancing line of ossification of the collagenous fibers into the bony matrix Again, 
note the absence of a rim of osteoblasts at this site of progressing ossification 
Hematoxylin and eosin 

TUMOR or HUMAN l-EMALE BREAST 

A white w'oman, aged 28, married, was admitted to the Mount Sinai Hospital, 
Oct 26, 1921 She had 2 children, the last born one year before A physician had 
noted a mass about the size of an egg, two and a half years before admission 
The tumor grew progressively, with particularly rapid enlargement during the 
month prior to admission 

The patient w^as well nourished and developed Examination of the left 
breast revealed diffuse enlargement to several times the size of the opposite 
breast The overhing skin was smooth, glossy and discolored purple-red Several 
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whitish drops of fluid could be expressed through the everted nipple of the 
involved breast The tumor was not adherent to the underlying fascia 

Macroscopic Obseivafions — The specimen consists of a left breast removed 
by radical resection The overlying skin is discolored purple-red but is not 
retracted The nipple is everted Replacing most of the parenchyma is an encapsu- 
lated globular cystic tumor, measuring 20 cm in diameter Its sectioned surface 
IS purple-gray and presents numerous cystic areas filled with gelatinous fluid 
The lining of these cysts is papillomatous The intervening tissue is moderately 
firm, smooth and purple-gray with scattered whitish areas as well as areas of 
frank necrosis 



Fig 10 — Fibromyxochondrosarcoma of the human breast This field shows an 
area of fibrocartilage resulting from metaplasia of adnlt, sclerotic collagenous tissue 
Note early formation of lacunae and latei transitional stages Hematoxjdin and 
eosm 


Micj oscopic Obseivations — Sections reveal the tissue to be composed almost 
exclusively of collagenous tissue, m which a few single mammary acini are 
isolated The fibrous tissue is for the most part markedly cellular The nuclei 
show moderate hyperchromatism and irregularity of size and shape Mitotic 
figures are not seen These compact spindle cells frequently merge, on the one 
hand, with a loose fibrillar, m places myxomatous tissue and, on the other, with a 
more homogeneous sclerotic tissue, in which the cells are isolated in lacunae so as to 
present the picture of fibrocartilage On closer examination, one readily observes 
the transition of the cellular fibrous tissue to a more sclerotic type and thence 
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to fibrocartilage without the intervention of tlie myxomatous tissue There is 
no tiansition hctivccn the nnnomalous tissue and the fibiocaililagc In this process 
of chondrification the spindle-shaped nuclei with their rim of citoplasm (fibrocites) 
are seen to be isolated from the collagen and come to he in an o\al alcove sur- 
rounded by collagenous fibrils The cell then appears to curl on itself The alcove 
becomes circular and forms a hpical lacuna, the nm of nhich stains more intenseh 
than the surrounding fibers, so as to resemble a capsule At the same time the nm 
of cytoplasm becomes vacuolated and shrinks, possiblj owing to fixation Some of 
the lacunae are occupied b> two cells, a few of which appear fused, while others 
are evenly divided bj a septum The gh cogen stain is negatne (The specimen is 
eighteen years old ) 



Fig 11 — Colloid caicmoma of the human breast Contrast the nests of cells m 
this tumor with the retiform pattern found in the canine tumors Hematoxylin and 
eosin 


Several isolated glands show no evidence of proliferation They are found in 
all portions of the tumor, including the fibrocartilage 
The lymph nodes are uninvolved 
Diagnosis — The tumor is a fibromvxochondrosarcoma 

Comm-ent — This tumor represents a sarcoma with transformation of the 
sclerotic, collagenous portion into fibrocartilage It is generall} stated that fibro- 
cartilage develops directh' from immature mesenchymal cells endow’ed wuth an 
inherent tendency in that direction Such a vitalistic concept precludes the forma- 
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tion of fibrocartilage directly from mature collagenous tissue such as one observes 
in this tumor It is true that this sclerotic tissue is part of a tumor, and it might 
conceivably be argued that the cells may have acquired fibroblastic potencies by 
dedifferentiation However, it is the sclerotic, mature, fibromatous portion of the 
tumor which manifests an easily traced transition to fibrocartilage, rather than 
the cellular or even myxomatous tissue 

In summary, cartilage was found m 4 canine mammaiy tumors In 
addition, osteoid tissue vi as present m one of these and bone in anothei 
It appears that the caitilage in 3 of the tumois is epithelial in oigin, not- 
withstanding the 01 thodox concept of the specificity of gei m layers It is 
emphasized that this epithelium is ectodermal m oiigin and that it is not 
embryonic but typical of the adult type This epithelial metamorphosis 
seems to be a mechanistic-^ piocess, depending on physicochdmical 
phenomena lathei than on vitalistic properties with which the cells aie 
inheiently endowed Pait of the caitilage in 2 of the tumors, and the 
osteoid and osseous tissue as well, aie considered mesenchymal in origin 
The fibrocartilage of the tumoi of the human breast appears to arise 
directly from the matuie collagenous tissue lather than fiom immature 
mesenchymal cells with caitilagmous piopensities This metamoiphosis, 
too, IS regarded as physicochemical in nature and without lelationship 
to specific cellulai endowments 

THEORIES AS TO THE GENESIS OF CARTILAGE AND BONE IN 
SO CALLED MIXED TUMORS OF THE BREAST 

The literature on the subject ot the genesis of caitilage and bone in 
so-called mixed tumors of the bieast and othei organs is highly com- 
plicated and controvei sial The pimcipal theoiies that have been 
advanced — both for human and canine tumois — aie based on the 
following concepts 

1 Embi*yonic rests -- 

21 The term “mechanistic” as used m this report is contrasted with “vitahstic” 
and IS applied in the sense of a physicochemical explanation of biologic phenomena 
See discussion by M R Cohen in his “Reason and Nature” (New York, Harcourt 
Brace & Company, Inc , 1931, pp 240-292) 

22 (a) Cohnheim, J Vorlesungen uber allgememe Pathologic, Berlin, A 

Hirschwald, 1877, vol 2, chap 7 (b) Leser Beitr z path Anat u z allg Path 
2 379, 1888 (c) Lecene, in discussion on Peyron, M A Bull Assoc fraiiq p 
I’etude du cancer 13 349, 1924 (d) Ribbert, H Geschwulstlehre, Bonn, F Cohen, 
1904 (c) Borst, M Echte Geschwulste, m Aschoff, L Pathologische Anatomic, 

ed 8, Jena, Gustav Fischer, 1936, vol 1 chap 9 (/) St Arnold Virchows Arch 

f path Anat 148 449, 1897 ig) MacCallum, W G A Text-Book of Pathology, 
ed 6, Philadelphia, W B Saunders Company, 1936, pp 1193-1194 (/i) Wilms ^ 

(0 Heuter and Karrenstem " (]) Gomori ^ 
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2 Local or autochthonous development 

(а) Connective tissue metaplasia 

(б) Epithelial metaplasia 

The authors suppoiting the theory based on this concept account for at 
least a portion of the cartilage (or “pseudocartilage,” as some call it 
[see page 607] ) b)^ epithelial transformation 

1 Emhyomc Rests — The hypothesis that an embo'onic rest of cartilage or 
bone IS stimulated to neoplasia after a period of latency is convenient, simple to 
grasp and, in blanket fashion, skirts the possibilities of intricate cellular trans- 
formations In its favor are said to be (1) the wide diversity of tissues that 
may occur m a single miv.ed tumor of the breast and (2) their frequent encapsula- 
tion The source of these skeletogenous rests has been attributed to the ribs or 
clavicle (Arnold --^) This general hypothesis accounting for heterotopic chondral 
or osseous tissues through dysontogenesis has met with much opposition when applied 
to a site theoretically more favorable for such occurrences — for e\ample, the parotid 
region (Krompecher ^ Masson and Peyron-^", Fraser At least here the 

more complicated development and the proximitj'^ of the cartilage of the branchial 
arches to the parotid region afford for the adherents to the hypothesis advanced by 
Cohnheim 22 a a iiossible basis for the occurrence of misplaced cartilaginous rests 
In the breast this possibility based on unappropriated particles of the anlages of 
the rib or the clavicle would certainly seem to be very much less Furthermore, 
these rests would be obliged to occur much more frequently in the canine than 
m the human breast in view of the greater incidence of such tumors in the former 
If in the process of formation of ribs there is a developmental phenomenon 
peculiar to dogs which permits of frequent displacement of an anlage, it has not 
been demonstrated 

Moreover, one can hardly reasonably reconcile such a hypothesis with the 
finding of mammary acinar tissue directb’^ in the midst of an area of cartilage 

23 (a) Stilling, H Deutsche Ztschr f Chir 15 247, 1881 (&) Bowlby, 

A A Tr Path Soc London 33 306, 1883 (c) Edelman, H Beitr z path Anat 

u z allg Path 78 618, 1927 (d) von Hacker Arch f klin Chir 27 614, 

1882 (e) Chner, L , and Deval, C Bull Soc anat de Pans 85 586, 1910 (/) 

Fry, H J B J Path &. Bact 36 529, 1927 (< 7 ) Auler, H , and Wernicke Ztschr 

f Krebsforsch 36 529, 1927 (/i) Durante, in discussion on Peyron, M A Bull 

Assoc frany p I’etude du cancer 13 349, 1924 (?) Cornil, V Les tumeurs du 

sem. Pans, F Alcan, 1908 (;) Davidsohn, C Ztschr f Gynak 35 1357, 1909 

(k) Busser, F Ann d’anat path 6 1247, 1929 (/) Freese, K Ztschr f 

Tiermed 9 206, 1905 (m) Imomaki, K Gann 26 1, 1932 (it) Pitschugin, L M 

Virchows Arch f path Anat 280 136, 1931 ( 0 ) Coats, J Glasgow M J 

4 35, 1871 (p) Virchow (q) Billroth ^ 1 * (?) Sehrt^'‘ (s) Kitt (f) 

Thmnes ^ (n) Frei 

24 (a) Masson, P , and Peyron, M A Bull Assoc frang p I’etude du cancer 

7 219, 1914 (b) Masson, P ibid 11 345, 1922, (c) Atlas du cancer. Pans, 

Association frangaise pour I’etude du cancer, 1924, pts 3 and 4 , (d) Diagnostics de 
laboratoire II Tumeurs, Pans, A Maloine et fils, 1923, p 309 (<?) Tudhope, G 

R J Path & Bact 48 499, 1939 (/) Nieberle - (g) Ehmann, quoted ^by 

Nieberle - (Ji) Ewing 

25 Krompecher, E Beitr z path Anat u z allg Path 44 51 and 87, 1908 

26 Fraser, A Surg, Gynec & Obst 27 19, 1918 
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or, in other words, m the midst of an embryonic rest (Petit ^7) This is clearly 
demonstrated m the material presented herewith In addition, some of the car- 
tilaginous foci are not encapsulated but merge with the surrounding tissue The 
mere encapsulation of the cartilage or the presence of a heterogeneity of tissues 
need not be evidence of dysontogenesis, as will be explained shortly on the basis 
of epithelial transformation For these reasons, in addition to those based on 
histologic studies, the Cohnheim theory, popularized by Wilms ^ m the early part 
of this century, appears to be giving ground to the hypotheses based on local or 
autochthonous development of cartilage and bone not only in tumors of the 
breast but also m those of the parotid region 

2 Local 0 ) Autochthonous Development — (a) Connective Tissue Metaplasia 
or Development from Separate Germ Layers One of the currently advocated 
hypotheses simplifies the problem somewhat by ascribing the origin of the epithelial 
and mesenchymal components to the neoplasia of two germ layers , that is to say, 
the carcinomatous portion is derived from epithelium, and the sarcomatous portion, 
including the cartilage and bone, is a transformation of mesenchymal tissue A 
modification of this states that the proliferating epithelium stimulates the neighbor- 
ing stroma to acquire embryonic potencies with the capacity, accordingly, to 
develop into a variety of mesenchymal derivatives, including cartilage and bone 
(Auler and Wernicke This is compatible with the hypothesis of Ehrlich and 
Apolant 28 to the effect that the transformation of the transplantable carcinoma 
of mice into sarcoma is due to a stimulation of the stroma by the proliferating 
epithelium Auler and Wernicke 23g suggested that the necrotic epithelium may 
furnish the inciting factor 

There seems to be no doubt that cartilage or hope may replace connective 
tissue The histologic mechanism, however, is controvertible and will be further 
considered on page 621 It is nevertheless a fact that such heterotopic bone 
formation has been found m almost every mammalian organ, including the blood 
vessels, heart, lungs, fallopian tubes and uterus, in hematomas, in abdominal 
wounds and in the stroma of tumors, for example, tumors of the ovary, cecum, 
rectum and other tissues 29 There is no reason, therefore, to doubt the possibility 
of a replacement of stromal tissue by cartilage or bone m tumors of the breast 
A second source of the cartilage and bone is, of course, considered to be the 
mesenchymal tumor cells themselves 

(6) Epithelial Metaplasia Contrary to the concept of the specificity of 
germ layers, it is maintained by some observers that the epithelial cells of certain 
tumors may give rise to cartilage According to Lang,3o this thought was advanced 

27 Petit, M G Bull Soc anat de Pans 81 373, 1906 

28 Ehrlich, R , and Apolant, H Centralbl f allg Path u path Anat 17 
513, 1906 

29 (a) Monckeberg, J G Virchows Arch f path Anat 167 191, 1902 (b) 

Bunting, C H J Exper Med 8 365, 1906 (c) Buerger, L , and Oppenheim, A 

ibid 10 354, 1908 (d) Pollack, K Virchows Arch f path Anat 165 129, 1901 
(e) Nicholson, GW J Path & Bact 21 287, 1917 (/) Poscharissky, J F 
Beitr z path Anat u z allg Path 38 135, 1905 (g) Asami, G Am J M Sc 

160 107, 1920 (h) Leriche, R , and Policard, A Les problemes de la physiologic 

normale et pathologique de I’os, Pans, Masson & Cie, 1926 (r) Chauvin, E , and 

Rouslacroix, A J d’urol 27 465, 1929 

30 Lang, F J , in Henke, F, and Lubarsch, O Handbuch der speziellen 

pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1929, vol 5 pt 2 
p 169 ’ ’ 
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as earh" as 1859 by von Bruns and has since been applied almost exclusively to 
the so-called mixed tumors of the salivary glands by Marchand,"^ Ehrich.^c 
Krompecher,2'5 Masson and Pev rone'll Fraser and others It has found support 
recently in the histologic studies of Nieberle- on tumors of the mammary glands 
of dogs, in Tudhope’s observations on a tumor of the human breast, in Sinard’s 3- 
analysis of a tumor of the palm and in the investigations by Foulds of a 
transplantable tumor of the oviduct of a domestic fowl This concept enjovs the 
support also of Ewing 

Three of the tumors described in this paper appear to point unequivocally to 
the transformation of epithelium first to the transitional stage of a mjxomatous 
tissue and then to cartilage by the process of apparent inspissation and collageniza- 
tion of a homogeneous substance fondamcntalc between the epithelial cells 

On this basis of epithelial derivation, the presence of carcinoma and of mjxoid 
and chondroid tissue in the same tumor hardiv need represent the chaos of a true 
organoid teratoma but a histologicalh' comprehensible conversion of epithelium 
with definite transition stages Nor is it surprising, therefore, that foci of cartilage 
are sometimes encapsulated, since — according to the interpretation herein advanced 
— they may arise from nests of glands which were originallv surrounded bv 
connective tissue septums It is niaintained that these are additional potent 
arguments against the theory of enclav'enieiit or of embryonic rests as applied to 
this tvpe of so-called mixed tumor The well known dermoids or teratomas, for 
instance, of the ovarj, are considered examples of dvsontogenesis and have no 
relation to this discussion 

EVIDENCE FROM EMBRYOLOGY OF THE NON SPECIFICITY 
OF GERM L \YERS 

The thought of the mutation of germ la}eib is natuialh somewhat 
repugnant to the adherents to the oithodox concept of omms cellula e 
cellula eulsdem genet is They must reconcile, howevei, the dev'elopment 
of caitilage from fetal ectodeim vvdnch is described by a numbei of 
investigators, including Platt and Landacie and Wanen^^ Fiom the 
field of experimental embryolog}'^, one leains further, through the ingen- 
ious investigations on the blastula and gastiula of amphibians, that if 
cells which were destined to foim the epidermis of skin aie tiansplanted 
to the orbital cavity they may differentiate into neive, muscle, noto- 
chordal, cartilaginous or other cells (Bautzmann , Kusche®’) This 
emphasizes the realization that “the strictly pieformistic conception of 
development has been losing giound We have come to realize that 
development means the bringing into existence of new chaiacteis, 

31 Marchand, F Verhandl d Gesellsch deutsch Naturforsch u Aerzte 82 

(pt 2) 1, 1910 

32 Sinard, L C Am J Cancel 33 182, 1938 

33 Foulds, L A J Path & Bact 44 1, 1937 

34 Platt, J B Anat Anz 8 506, 1892 

35 Landacre, F L , and Warren, J H Anat Rec 14 42, 1918 

36 Bautzmann, H Naturwissenschaften 17 818, 1929 

37 Kusche, W Arch f Entwcklngsmechn d Organ 120 192, 1929 
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not the bringing into appearance of pie-existing latent characters” 
(Weiss 

Although tempting, one must gird oneself against the diiect tiansfer 
of such evidence to the tissues — even the neoplastic tissues — of the fully 
developed organism, as W oglom has indicated Yet, it does seem to 
suggest that if a cell is sufficient!} immatuie it possesses a plasticity 
\\hich alloVkS it to be molded by the multiplicity of physical, chemical 
and possibly other factois composing the environment This subjuga- 
tion of the cell to surrounding forces appears to be the master key to the 
problem of cellular vanabihty, rather than a vitalistic inherent cellular 
endowment The attempt will be made in this leport to show that this 
envii onmental concept may be applied to the so-called mixed tumois 
(other than organoid teratomas), in which the cells appear to exhibit a 
versatility generally conveniently considered to be potentiated by specific 
endowments but for which a mechanistic explanation appeals moie 
tenable and more tangibly applicable to what one observes histologically 

“PSEUDOCARTILAGE” 

It must be mentioned that many of the authors who desciibe the 
same type of transformation of epithelium as obseived heie aie unwilling 
to concede that the lesultant tissue is really caitilage Accoidingly, it is 
referred to or at least consideied as pseudocartilage (for example, Fiy,'^^ 
Tudhope^^® and Budd and Bresliii^'*) A similar interpi etation is 
applied by many observ^eis to the cartilage m the tumors of the salivary 
gland (for example, Marchand,®^ Leroux and Leroux-Robert,^° Bott- 
nei,^^ Boyd"*^ and Foulds to cartilage m a tumor of the oviduct of a 
domestic fowl) On the other hand, although their views on the histo- 
genesis may vary, the great majority of investigators nevertheless have 
expressed the belief that the tissue in both salivary and mammary 
tumors IS true cartilage (for example, MacCallum and Ewing ^’) 

If the concept of the epithelial origin of cartilage has merit, one should 
hardly rest on the mere histologic resemblance of the epithelial product 
to cartilage Rather, one is logically required to assume the burden of 
matching each of the components of normal cartilage with a component 
of the “epithelial cartilage” and of tracing the latter from its epithelial 
progenitor 

38 Weiss, P Physiol Rev 15 639, 1935 

39 Budd, J W , and Breslin, F J Am J Cancer 31 207, 1931 

40 Leroux, R , and Leroux-Robert, J Bull Assoc frang p I’etude du cancer 
23 304, 1934 

41 Bottner O Beitr z path Anat u z allg Path 68 364 1921 

42 Boyd, W A Text-Book of Pathology, ed 3, Philadelphia, Lea &. Febiger 
1938, p 768 
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Choiidf ocytes — It has not been shown that the cells in the epithelial 
cartilage differ in any essential detail of behavior or of morphologic 
appearance from chondrocytes In both, distinctly basophilic capsules aie 
present In places the perilacunar basophilism is widened to a thick 
cuff, such as IS seen commonly in ordinary cartilage From one to four 
cells are found within the lacunae, and in an occasional lacuna the cell 
appears to have dropped out, just as may occur in a section of noimal 
hyaline cartilage The cells are more or less circular, although some 
irregularity in shape is piesent, which is generally ascribed to differences 
in piessure The nuclei are for the most part vesicular and contain 
small nucleoli Some of the nuclei, however, aie pyknotic Such 
pyknosis is not uncommon m normal growing cartilage and is attributed 
usually to poor penetration of the fixing fluid (Shipley Most 
strikingly charactenstic are the large cytoplasmic vacuoles and the cyto- 
plasmic strands which extend to the lacunai walls as if the remainder 
of the cell had sin unken These A'acuoles contain abundant globules of 
glycogen and small fat droplets The amount of glycogen is pronounced 
and characteristic, too, of normal hyaline cartilage In short, the essen- 
tial features of the cells of normal hyaline caitilage are shared by the 
cells of the epithelial cartilage herein described 

Matnx — It IS maintained by others that the matrix of the “pseudo- 
cartilage” consists merely of a homogeneous mucus surrounding the 
epithelial cells (for example, Boyd in reference to tumors of the 
salivary glands) As evidence against such an interpretation, one may 
mention three specific features common to the matrix of normal cartilage 
and the matiix of epithelial cartilage, which distinguish the latter from 
the mucoid intercellular fluid of the nonchondrifled poitions 

1 The extreme metachromasia with toluidme blue 

2 The progressively greater degree of carminophilia with increas- 
ing resemblance of the transitional stages to cartilage It is indeed 
significant to note that this distribution of glycogen in the epithelial 
cartilage quite parallels the situation in the developing epiphj’^sial car- 
tilage Here, too, the cells of the mature cartilage contain the most 
glycogen, there being a gradual diminution in the younger, transitional 
cells (Harris’-®) 

3 The transformation or replacement of the mucoid fluid by 

collagen ej, 

So much for the general characteristics of the matrix When one 
further analyzes the matrix, one finds much to indicate a close relation- 
ship between the “mother substance” and the chondral product, par- 
ticularly from the chemical standpoint Of course, one cannot state 

43 Shipley, P G Cartilage and Bone, in Cowdry, E V Special Cytology, 
New York, Paul B Hoeber, 1928, vol 2, pp 703-733 
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with certainty the exact chemical natme of the original fluid between the 
epithelial cells, noi that of the final pioduct of the transf oi mation 
However, the former does possess an affinity for caimme and muci- 
carmine — variable and often slight, to be sure — and so it is geneially 
assumed to be a mucoid fluid with mucoitin-sulfuric acid as its chaiactei- 
istic constituent It is relevant, therefoie, to indicate by formulas the 
intimate relationship between this compound and one of the basic organic 
constituents of the chondroid and osteoid matiix, namely, chondroitin- 
sulfuric acid 

Mucoitm-suljui ic acid 
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Chondroifw-snlfunc acid 
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(Levene**) 


Each compound contains one acetyl group to one molecule of 
glycuronic acid, sulfuric acid and a sugar This sugar is chitosamine 
m mucoitin-sulfuric acid and chondrosamine in chondroitin-sulfuric 
acid The difference lies piincipally in the fact that the sugars are 
isomers of each othei The position of the sulfui gioup is arbitrary 
and is assigned to indicate a difference in behavior toward hydrolytic 
agents (Levene^^) 


44 Levene, P A Hexosamines Their Dernatives and Mucins and Mucoids, 
Monograph 18, Rockefeller Institute foi Medical Research, 1922 
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This close relationship between mucin and the matrix of carti- 
lage has been pieviously emphasized by Mathews'*'’’ and recently bj’’ 
Techoueyies In spite, howevei, of the fact that the chemical differ- 
ences aie slight, mucoitin has not been conveited to chondroitm in 
vitio. and theoi eticall}'’ such a conveision would be most difficult 
(Sobotka"*^) There appear, theiefore, to lemain three possibilities 
foi the development of a pait of the matrix of cartilage from a mucoid 
fluid (1) that the oiiginal intercellular fluid and subsequent matnx 
contain chondroitm lather than mucoitin (chondioitin-sulfunc acid is 
not confined to cartilage but is piesent m other locations [Levene not 
having the consistency of cartilage, such as tendon, sclera and aorta) , 
(2) that nature, b)'’ some unknown method, is able to convert mucoitin 
into chondroitm, oi (3) that the mucoitin letains its chemical com- 
position and becomes pait of a matnx with the physical and histologic 
characteristics of the matnx of caitilage One must remember, after 
all, that the exoskeleton of inveitebiates is composed of a pol 3 'sacchar]de 
(polymerized monacetylglucosamme) containing chitosamme and acetic 
acid as does mucin (Havk and BeigheiiiT*®) Ne^ertheless, the exo- 
skeleton IS charactenzed by a hard consistency It would therefoie seem 
perfectly possible that the mucoid material about the neoplastic cells 
hardens similaily so as to foini a matnx with a consistency resembling 
cartilage It is of furthei inteiest that some vaneties of mucin contain 
chondi oitin-sulfunc acid (Wells'*®) In addition, the conversion of 
mucoid fluid to collagen is admitted by competent obsei vers 

Collagenous Component of Caj Plage — The second and by far the 
most abundant of the basic organic constituents of cartilage is collagen 
(Maximow and Bloom °^) One is therefore obliged to account for 
the conversion of a portion of the mucoid fluid into collagen It is 
not within the scope of this leport to include the evidence foi the 
various theoi les of the oiigin of collagen (see Doljanski and Roulet,°~ 

45 Mathews, A P Plwsiological Chemistry, ed 5, New York, William Wood 
&. Company, 1931, pp 333-335 

46 Techoueyres, E Ann d anat path 71 905, 1934 

47 Sobotka, H Personal communication to the author 

48 Hawk, P B, and Bergheim, O Practical Physiological Chemistij, ed 10, 
Philadelphia, P Blakiston’s Son & Co, 1931, pp 154 and 207 

49 Wells, H G Chemical Pathology, ed 2, Philadelphia, W B Saunders 
Compan3% 1914, p 379 

50 Ehrich von Ebner Ricker and Schwalb Ewing 

51 Maximow, A A , and Bloom, W A Text-Book of Histologv, ed 3, 
Philadelphia, W B Saunders Company, 1938, chaps 6 and 7 

52 Doljanski, L, and Roulet, F Virchows Arch f path Anat 291 260, 1933 
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Maximow,®^ Arey and Hass foi review and bibliographies) It 
suffices to suminaiize the piincipal theories in the following con- 
densed foim 

1 The intracellular — according to which the fibers originate fiom 
(a) the homogeneous peripheral rim of ectoplasm, (b) the mitochondria 
or cytoplasm propei 

2 The intercellular theoiy — whereby the cells seciete an amoiphous 
sol which IS tiansformed by cellular enzymes into a gel with consequent 
condensation into fibers of collagen 

3 The dnect ti ansf ormation of fibiin (BaitselH®) oi a substance 
jondanientale (Nageotte®') into collagen, a piocess in which fibioblasts 
are considered to play an entiiely secondary role 

The last theoiy of the direct transformation of an amorphous oi 
fibrinous substance through the action of cellular enzymes or possible 
mechanical factois has in lecent yeais been leceiving increasing atten- 
tion, principally through the impetus of the observations of Baitsell,®® 
Nageotte and Doljanski and Roulet A direct application of this 
concept IS made to clots, for example, where, it is maintained, the col- 
lagen IS foimed by the gelation ot the fibiin of the exudate Harrison,®® 
after a careful study of the development of the amphibian balancer 
(rodlike pi ops attached to the sides of the heads of laivae), came to the 
conclusion that collagenous fibers developed in an acellulai mesenchymal 
matrix under the enzymatic influence of adjacent epithehal cells As a 
result of then obseivations, Ehrich,^® von Ebner,^’’ Ricker and Schwalb 
and Ewing aie convinced that mucus may be diiectly transfoimed into 
collagen Finally, it is inteiesting to note that McKinney,®® on the basis 
of studies of tissue cultures, concedes that “it is by no means proved 
that the fibioblasts aie the only cells which are concerned in the foima- 
tion of collagenous fibei s ” These details seem, then, to indicate con- 
vincingly the possibility of the transformation of mucoid, fibrinous oi 
protein fluids into collagen, which, it is recalled, is one of the principal 
organic constituents of the matiix both of cartilage and bone If this 
transformation becomes a uni vei sally lecognized fact, a prominent 
barrier to tbe acceptance of the mechanistic conception of the conversion 
of such fluids into a chondioid matrix — no matter if the cells concerned 
are ectodermal or mesenchymal — ^will have been automatically removed 

53 Maximow, A A Bindegewebe uiid blutbildende Gewebe, in von Mollen- 
dorff, W Handbuch der mikroskopischen Anatomic des Menschen, Berlin, Julius 
Springer, 1927, vol 2, p 549 

54 Arey, L B Physiol Rev 16 327, 1936 

55 Hass, G M Arch Path 27 583, 1939 

56 Baitsell, G Am J Physiol ii 109, 1917, J Exper Med 21 455, 1915, 
23 739, 1916, Am Rev Tuberc 21 593, 1930, Quart J Micr Sc 69 571, 1924 

57 Nageotte, J Compt rend Soc de biol 79 833 and 940, 1916 , 82 277, 1919 

(Footnotes continued on next paijc) 
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Now, then, the aiguments in favor of the tissue within the tumors 
being “pseudocartilage” are said to be ( 1 ) the fi equent absence of peri- 
chondrium (Leroux and Leroux-Robeit , (2) the substitution of 
epithelial cells for chondroblasts (Tudhope-‘°, Foulds^^, Leioux and 
Leioux-Robert and (3) the persistence of the mucus as matrix 
instead of a true chondroid matrix (Boyd ^-) 

Biief deliberation on the lole of the peiichondiium in chondrogenesis 
will show why its presence oi its absence is thoi oughly irrelevant to the 
issue concerning “pseudocai tilage ” The peiichondrium is normally a 
mesenchymal source foi additional cartilage Theiefoie, it is quite as if 
one were to say, in effect, that the “epithelial caitilage” is not cartilage 
because it does not arise fiom mesenchyme Such an argument — based 
on the veiy piemise which is being disputed, namely, that cartilage ma}’’ 
aiise only fioni mesenchymal tissue — obviously can hardly be used as 
evidence Moreover, to label a tissue “pseudocartilage” simply because 
Its cells aie epithelial m ongin is to avoid taking into account the facts 
of the presenting ohseivations As previously stated, these epithelial 
cells vithin the cartilage are similai to chondrocytes in all essential 
details Finally, evidence showing that the mucus does not peisist as 
such but becomes converted into a matrix indistinguishable from 
chondral matnx has been presented in the piecedmg paragraphs 

In summary, it would theiefoie seem that undei certain conditions 
stiikingly present in the canine mammaiy tumors (foi instance, tiauma, 
inflammation, necrosis, hemorrhage, retiform cellular pattern) epithelial 
cells of the adult type derived fiom ectoderm in combination with then 
interstitial substance may become transformed into a tissue indistin- 
guishable from cartilage The requisites appear to be physicochemical 
and include a cell — be it fibioblastic, chondroblastic or indeed epithelial 
— arranged in a more or less reticular pattern oi otherwise scatteied m 
a matrix It is entirely conceivable, and consistent with the evidence 
herein advanced, that this same general mechanism is the basis of nonual 
chondrification as well as ossification This mechanistic interpretation 
IS the central thought of this report and will be further elaborated 
under “Comment ” 

CHONDRIFICATION IN COLLOID CARCINOMA OF THE 
HUMAN BREAST 

The question that logically arises next is why chondrification does 
not occur in the colloid (gelatinous or mucous) carcinoma of the human 
breast, inasmuch as an apparently chondiifiable milieu is present One 
may wonder whether or not the mucoid fluid of the canine breast differs 
chemically from that of the human breast, since mucins in other parts 
of the body are known to differ from each other in chemical composition 

58 Harrison, R G J Exper Zool 41 349, 1925 

59 McKinney, R L Arch f exper Zellforsch 9 14, 1929 
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and properties (Levene There are no known data on this point, and 
it must theiefore remain moot for the present However, a significant 
detail concerning this gelatinous fluid is the fact that it does occasionally 
manifest an affinity foi calcium (Shore®”) This affinity is demonstra- 
ble in one of the cases included in this leport and tends to suggest that 
the reason for the failure to chondrify lies possibly not with the mucin 
but with the viability and arrangement of the cells 

Polarity — The question of the arrangement of the epithelial cells in 
these and other colloid carcinomas is of great interest The phenomenon 
IS apparently dependent on cellular polarity Masson,-'^’’ m his inves- 
tigations of mixed tumors of the parotid gland, laid much stress on this 
feature of cellular function The polarit}'^ of the cell apparently deter- 
mines whether a gi oup of cells will assume an acinar, nestlike fascicular 
or reticular pattern For instance, if the cell possesses an inteistitial or 
diffuse polarity, its secreting surface is diffuse instead of at one side 
The obvious result of such a diffuse secreting surface is that the fluid 
accumulates on all sides of neighboring cells, which are consequently 
forced apart and assume first a spongy, and then a myxomatous, pattern 
One immediately conceives of a direct application of this to the pioblem 
of the canine tumors and the human tumors of the colloid variety It 
will be recalled that the colloid carcinomas were composed not of retic- 
ulated epithelial cells but of solid clumps which showed piactically no 
evidence of intercellular accumulation of fluid (fig 11) The fluid 
appeared rather to surround the nests of epithelium An application of 
Masson’s scheme seems to indicate that there is a difference in polarity 
between the clumps of epithelial cells of the colloid carcinoma of the 
human breast as opposed to the cells in the canine mammal y tumor 
At any rate, the diffeience in aiiangement of the cells is regarded of 
major importance in the failuie of chondnfication of the colloid not only 
m the human breast but also in the colloid or mucous caicinomas of 
othei organs, for example, the gastroenteric tract and the ovary The 
cells within the alveoli or cysts of these tumors are geneially cast-off, 
degenerating cells or at least cells which are destined soon to degen- 
erate As a matter of fact, Geschickter expressed the belief that the 
mucus formed m the colloid carcinoma of the human breast is related 
actually to interference with the blood supply 

It IS maintained that by the very nature of then generally moie or 
less letiform pattern of growth, as opposed to the solid oi alveolar 
pattern of carcinoma, the sarcoma — in quite the same way as pro- 
liferating fibi oblasts — lends itself much more easily to chondnfication 
as well as ossification because of the ease with vhicli such cells are 
separated by the transuded or secieted fluid oi by a collagenous tissue 
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undei going mucoid change It must be borne m mmd aftei all, that 
soft tissue sai comas do foim bone not altogetbei mfiequenth It is only 
when the epithelial cells — even epithelial cells of the adult t}pe — simu- 
late this airangement, as m the canine mammaiy tumois, the mixed 
tumois of the sahvaiy glands and othei legions, and possibl} m tumois 
of the type desciibed b)’’ Woglom,^^ that the stage foi chondrification is 
set This pattern, independent of inhei ent cellulai potencies of a specific 
nature, appeals to me to be the key to the phenomenon of “epithelial 
chondiification ” An illustiation of this geneial piinciple is afforded 
by the ti ansplantable mammaiy caicinoma of mice studied b} Woglom 
In the second geneiation the cells became spindle shaped Saicomatous 
tiansfoimation was thought to haAe occuiied, and. indeed, caitilage was 
found in 3 of the 4 tumois of this geneiation The vei} presence of 
caitilage was consideicd stiong evidence that the tumoi had become 
saicomatous Howe^el, one must leckon Mith the fact that cells of 
epithelial tumois (foi example, adamantinoma, thvioid caicinoma, basal 
cell caicinoma) may acquue a spindle shape (Ewing®-) and that e\en 
in cultuies of epithelial cells it may be impossible to distinguish some of 
the cells fiom fibroblasts As a mattei of fact, this same ti ansplantable 
caicinoma of mice wdiich w^as legaided as ha\ ing undei gone saicomatous 
change was consideied by Ewung®- to be actuallv a spindle cell foim of 
carcinoma Slye, Holmes and Wells'- desciibed a somewhat similai 
spontaneous tunioi of a mouse One does not mean to capitalize on 
these difteiences m intei pi etation of an exceeding!) difficult problem 
they aie mentioned meiel) because they at least tend to beai out the 
possibilit) that the piohfeiating cell taking pait in the piocess of 
chondiification may, on occasions be ectodeimal as well as mesencliMnal 

REASOAS FOR DISPARITY IN INCIDEiNCE OF CARTILAGE AND BONE 
IN CANINE AND HUMAN MAlMMARy TUMORS 

Closely related to the questions of histogenesis is the second phase 
of the problem, which concerns itself wuth the leasons for the dispaiit) 
in incidence of cartilage and bone-containing tumors of the mammar) 
glands of dogs and man Peyion®^ maintained that the inci eased inci- 
dence in dogs is directly attributable to the abundance of myoepithelial 
cells in this species as contiasted with man This cannot be confiimed 
Glendining suggested that there is an “apparent interchangeability of 
mesoblastic structures” of the dog because they are less highly specialized 
than in man If Glendming meant to say that the stromal tissue of the 
canine mammaiy gland is not as mature or possesses a greater lability 
than the corresponding tissue of the human breast, he must bear the 
burden of a proof which has not been demonstrated 
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The following factois suggest themselves as having a possible beaniig 
on the question 

1 The acknowledged tendency towaid saicoinatous change in the 
mammary glands of dogs as contrasted with man 

2 The greater liability of the canine mammal y glands to tiauma, 
inflammation, hemorrhage and neciosis 

3 A possible species difference in bone-foiming piopensity 

1 Sm comatons Tendency — The well lecognized tendency for sar- 
comatous change to take place in the mammaiy gland of the dog as 
contiasted with man is consideied of importance in the pioduction of 
caitilage and bone not because of any inheient specific potency in that 
direction but foi the following two leasons 

(a) As stated, fiom the mechanistic point of view the saicoinatous 
stiuctme IS suited foi the foimation of caitilage and bone b} viitue of 
its letifoim pattern and the consequent ease of sepaiation of cells when 
the fluid is secieted or tiansuded 

(b) Sai comas are exceedingly pi one to neciosis, hemoiihage and 
inflammation — factois wdiich aie held to be of significance in the geneial 
phenomenon of the foimation of cartilage and bone This is to be dis- 
cussed in moie detail m the following paiagiaphs 

2 Tiauma, Neciosis, Hemoiihage and Inflammation — The lole of 
trauma in the chon-^ ification and ossification of tumois of the canine 
bieast merits consideration It is a fact that these tumors occui pie- 
clominantly in the hindmost bieast (Niebeile-) This is the laigest of 
the glands, and duiiiig lactation it secietes the most milk and becomes 
the most pendulous The subcutaneous tissue is loosest in this legion 
which permits the gland of the active animal to swing fieely and theieb> 
to subject Itself to lepeated trauma and stiain 

The possible role of tiauma m the prohfeiation and tumefaction of 
caitilage and bone has been appieciated foi a long time It is of course 
thoroughly appreciated how difficult it may be to evaluate an etiologic 
agent of such a chaiacter This and i elated points weie justifiably 
emphasized by Ewing Behan,*'’® wdio lecently review’^ed the subject 
comprehensively, included an extensive bibliography of obseivers who 
favor the thesis that trauma has a distinct beai ing on the initiation and 
fuither development of tumois of the skeleton On the othei hand, a 
not inconsideiable numbei weie cited who discount any such lelation- 
ship Virchow stiongly emphasized the factoi of trauma in the causa- 
tion of enchondroma and pointed out that the sites of these tumors w^ere 
the sites of liability to tiauma Modem statistics confirm the lelation- 
ship between the skeletogenous tumor and the specific histoiy ot definite 

65 Ewing, J Arch Path 19 690, 1935 

66 Behan, R J The Relationship of Trauma to New Growths, Baltimore, 
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trauma (Geschicktei and Copeland®’’, Kolodny®®) The relation of 
mechanical factois, such as tiauma, stiess and strain, to chondrification 
and ossification has been lepeatedl}^ demonstiated also in vitio (for 
instance, Glucksmann 

Ea^cii if tiauma ueie to be legaided as an exciting factoi m the 
piohfeiation of cartilage and bone, it would be appreciated that the 
objection might be laised that skeletogenous tumors may not be stnctly 
compaiable to soft tissue tumois containing cartilage and bone The 
dififeience lies really m the assumption that in the former there are 
piesent tissues which are directly chondrogenic or osteogenic, wheieas 
in the latter such tissues aie lacking Plowever, this assumed difference 
IS haidl}'’ the fact inasmuch as cells of soft tissue sai comas, and even 
epithelium undei certain circumstances, ma}’- become chondrogenic oi 
osteogenic (Malloiy ’'®) This potentialih , it need hardly be mentioned, 
is not neaily as marked as it is in the peiiosteum or peiichondiium, and 
by the same token the incidence of bony and cartilaginous tumors is not 
nearly as gieat in the soft parts as in the skeleton The point is that 
this difference in incidence does not pieclude a geneial factoi or com- 
bination of factors, such as tiauma, stress, strain hemoirhage necrosis 
and inflammation, as part of the setup which initiates chondrification and 
ossification That a metaplasia of connective tissue into cartilage may 
take place under the influence of mechanical factois can hardly be 
doubted, according to Maximow and Bloom 

It must be stated cleaily that the issue of present concein is not 
1 elated to the question of the i elation of trauma to the initiation of car- 
cinoma or saicoma but simply to the mattei of caitilage and bone 
production Moi cover, it is desired emphatically to avoid the implica- 
tion that tiauma pei se — that is, the mere application of force — is 
responsible for chondrification or ossification The important features 
of trauma m this regard aie its sequelae, namely, interference with 
circulation, hemoirhage, necrosis, edema and inflammation It is not 
difficult to understand that inflammation with edema, necrosis, ulcera- 
tion and hemorrhage within the tissues occms frequently m sites so 
exposed and subjected to repeated tiauma as are the tumors of the 
hindmost canine mammaiy glands Conti asted with the canine tumor, 
the human mammary carcinoma is, as a rule, relatively small in propor- 
tion to the size of the bieast and is cushioned by much fat The canine 
tumoi, on the other hand, is geneially exposed to the surface or covered 
merely by a thin capsule and skin (fig 7 ) so that the impact of trauma 
to the region is borne by the neoplasm Inflammation, with hemorrhage 

67 Geschickter, C F , and Copeland, M M Tumors of Bone, New York 
American Journal of Cancer, 1931 

68 Kolodny, A Surg , Gynec & Obst , 1927, supp 1, p 1 

69 Glucksmann, A Anat Rec 73 33, 1939 

70 Mallory, T B Am J Path (supp ) 9 765, 1933 



ALLEN— MIXED TUMORS OF MAMMARY GLAND 


617 


and necrosis, was present in the 4 canine growths and in the partially 
chon drifted human tumor included heie The laige size and rapidly 
growing sarcomatous nature of the latter neoplasm piedisposed it toward 
hemorihage, neciosis and inflammation These factors, it is maintained, 
aie of major importance in the tendency toward calciflcation, chondri- 
flcation and ossiflcation of the mammar}'- gland of the dog in the same 
way as they are considered to pla}'- the predominant role in the calciflca- 
tion and ossification of a variety of other organs subjected to these 
influences In this connection, one should like to make the point that 
the parotid region suffers a great deal more constantly repeated trauma 
by the simple act of mastication than is generally appreciated One can 
evaluate the degree of this tiauma roughly by palpation of the masseter 
muscles with the teeth clenched as in chewing Indeed, about a quarter 
of a century ago, Fiaser^® postulated that trauma was an important 
factor in the origin of mixed tumois of the salivaiy glands 

3 Expoimental Ossification Undei the Influence of Epithelium — 
Fiom the held of experimental surgeiyq one leains the inteiesting fact 
that when fascia is transplanted to an artificial defect in the urinary 
bladder of a dog bone forms within the fascia (Neuhof Moreovei, 
tiansplantation of a strip of epithelium from the uiinaiy bladder of a 
dog to the lectus fascia constantly causes bone to be formed directly 
adjacent to the bolder of the transplanted epithelium (Huggins 
Abbott, Goodwin and Stephenson The same experiment in labbits 
pioduced bone in only 1 of 6 animals'^ The admmistiation of large 
doses of viosterol and parathyroid to such experimental rabbits failed 
to stimulate ossification at the sites of the transplanted epithelium Con- 
nective tissue transplants to the urinary bladders of rabbits produced no 
bone in contrast to the results in dogs (Phemister Ossification was 
observed also in guinea pigs and rats by Huggins, McCarroll and 
Blocksom,^® but to a decidedly lesser extent by Abbott, Goodwin 
and Stephenson in their guinea pigs and cats On the other hand, 
Gruber found it difficult to produce traumatic myositis ossiflcans in 
dogs as contrasted with rabbits 

It is further worth noting that the epithelial transplants to the fasciae 
of the dogs formed cysts containing usually about 2 to 4 cc of fluid, 

71 (c) Harvey, W H J M Research 12 25, 1907 (&) Gruber, G B 
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which was examined foi calcium, phosphoius and hydrogen ion con- 
centiation The values for calcium and phosphoius in the cysts weie 
stiikmgly higher than those foi these elements m the blood, and the 
/>H ^^as distinctly lower On the other hand, the values of phosphoius 
and of pn foi the conespondmg 3 rabbits quite matched those of the 
blood (Calcium values verc not given ) In othei A\oids, these data 
indicate a fundamental mensuiable difleience in the ossifying ability of 
at least the dog and rabbit and imply a significant role of the epithelium 
in the pioduction of bone undei these conditions As to what the cor- 
lesponding lesults in the human subject would be, theie aie unfortu- 
natelv no data If such data weie available, one might then, it is not 
unlikely, possess an additional clue to the pioblem of the disparit} m the 
incidence of caitilage and bone in tumois of the mammaiy glands of dogs 
and of man on the basis of species differences Chemical examination of 
the mucoid mateiial of both human and canine bi easts not only for 
glycoproteins but foi calcium, phosphoius, phosphatase and pu might 
fuinish additional significant data 

Of course, if theie is m fact a specific tendency tow aid ossification 
in dogs, one might leasonably expect evidence theieof m tumors other 
than those of the mammarv glands And to be sure, accoiding to 
Ruddock,’’" ossification m malignant giowdhs of the thyroid occuis most 
frequently in dogs How'ever, m view^ of the high incidence of malig- 
nant changes of the thyroid in these animals (Slje, Holmes and 
Wells’®) this obseivation might best be subjected to a statistical 
analysis 

COMMENT 

1 The obsenation of the development of caitilage fiom adult epi- 
thelium of the mammarj' gland of the dog is the pivot about wdnch most 
of this discussion turns This observation wmuld constitute a meie 
academic minutia if one were to concern oneself merely with the mam- 
maiT gland How^evei, to state in effect that caitilage, a mesenchymal 
deiivative, may be foimed directly fiom an adult ectodermal deiivative, 
01 that the chondrocyte may be replaced by an epithelial cell, is to 
challenge the oithodox concept of the specificity of germ layers — a con- 
cept w^hich forms the basis of piesent day teaching of many phases of 
biology Adherents to this concept might explain this observation in 
one of two w^ays 

(fl) That it represents a vitahstic monstiosity, wnth anaplasia of the 
epithelium to immatuie, multipotent cells, follow^ed by differentiation 
into cartilage 

(&) That the tissue is not tiue cartilage 

77 Ruddock, H B , and Wilhs, R A Am J Cancer 33 205, 1938 
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In the text of this lepoit, many leasons have been advanced to 
indicate the inadequacy of the explanations offeied by this conveniently 
flexible concept of the vitahsts, who must necessarily meet problems of 
this soit meiely by tuining the clock backwaid or forward or, if it suits 
the occasion, in both dnections One is not justified m assuming that 
the mere anaplasia of the cells of an adult oiganism, even though accom- 
panied by the piopeities of rapidity of growth and invasiveness, eve'i 
caines with it the othei potentialities of fetal cells Moie decisive, 
however, is the fact that the epithelium conceined in this chondi ification 
IS, histologically at least, of the adult type — being portions of obviously 
mature mammary acinai epithelium In answer to the second, more 
seiious objection it is stated that this epithelial cartilage has been 
matched component foi component with noimal cartilage as far as 
known morphologic, biochemical (pancreatic digestion) and tinctorial 
ciiteiia peimit, and found indistinguishable therefrom 

It IS maintained that the development of this cartilage from adult 
epithelium is the result of envii onmental influences, and, to be sure, the 
observations of the transitional stages comply neatly with a mechanistic 
explanation This inteipietation of the chondnfication of the epithelium 
IS compatible with the “newei” embiyology, wdiich attempts to eliminate 
the piefoimistic concept of cellulai endowments and attributes the chai- 
actenstics of a cell to the dictates of its enviionment (Weiss®®) This 
IS vividly illustiated by the development of a blastulous cell known 
oidmaiily to form epidermis of skin, which when tiansplanted may 
develop into muscle, notochoidal cartilaginous oi other cells In other 
words, it IS not meant to imply that if the individual cells of the epithelial 
caitilage weie transplanted to tissue cultures they would necessarily 
form cartilage, foi the leason that the envii onmental factors w^uld be 
changed and might theiefoie not be suitable 

2 The second ramification of this basic phenomenon conceins the 
mat! IX The intercellular fluid, originally of a mucoid natuie, becomes 
tiansformed into or leplaced by a collagenized matiix indistinguisha- 
ble fiom a chondral matrix Is this a true tiansformation of mucin 
directly into collagen — a phenomenon acknowledged by seveial promi- 
ment obseivers ( Ewing Ehnch,’-® von Ebner,’^'^ Ricker and 
Schwalb ^®) — or has the mucin been replaced by collagen derived from 
the surrounding connective tissue, possibly wuth the participation of the 
mucin ^ As stated, the chemical relationship of mucoitin to chondroitm 
is close, just as the mucin and the final chondi al matrix appear to be 
morphologically m these tumors Howevei, an accurate positive state- 
ment as to which of these twm possibilities is conect is obviously impos- 
sible, although It appears not unlikely that both the intercellular mucoid 
fluid and the preexisting collagen take part in the formation of the 
final matrix 
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3 A moie immediate question concerns the interpietation of the 
hetei ogeneity of the tissues in these tumors oi, m othei woids, the term 
“mixed tumoi ” In one tumor (dog 166) the bone and pait of the 
cartilage AAeie foimed by tiansfoimation of the stiomal tissue Inasmuch 
as such ossification and chondrification, even though extensive, as in 
this case aie leally simply heterotopic stiomal foimations, this type of 
tumoi vould moie property be refeired to as a carcinoma or a sarcoma 
with stiomal ossification oi chondi ification, lathei than as a mixed 
tumoi In those neoplasms m which the tumor cells themselves take 
part m the foimation of bone oi cartilage, the qualifying terms “myxo-,” 
“chondi 0 -,” “osteoid-” or “osteo-” should be used to modify “carci- 
noma” 01 “saicoma ” Foi example, the diagnosis myxochondroadeno- 
carcinoma should imply that the myxomatous and cartilaginous cells are 
epithelial m oiigin (as, for example, in dog 322) Similarly, the term 
“osteosaicoma” should be applied to coiiespondmg soft tissue tumoi s 
The diagnosis osteogenic saicoma, as Kolodny ''® suggested, ought then 
to be lestiicted to tumors arising diiectly fiom the skeleton 

4 In one tumoi (dog 166) small foci of cartilage were observed 
forming nearby laige bony tiabeculae The process seemed to be not 
an ossification of cartilage but an independent foimation of each from 
adjacent portions of the same tissue, that is, the stroma This is con- 
fiimatoiy evidence for the moie or less generally accepted belief that 
the cells taking part m the formation of cartilage may be of the same 
t)^pe as those participating m ossification Moie direct evidence is the 
obseivation of ossification of cells of the peiichondiium, on the one 
hand, and of chondi ification of peiiosteal cells, on the othei This may 
be obseived in vitro (Glucksmann '’‘’) 

5 The development of fibi ocartilage fiom the mature, sclerotic 
collagenous tissue of the fibromyxochondrosarcoma of the human breast 
raises an additional fundamental question As stated, one observes the 
transformation of the collagenous tissue into fibi ocai tilage quite as if 
the cartilaginous formation occuired aftei the adult collagenous tissue 
had been foimed Generally fibrocartilage is assumed to develop from 
immature mesenchymal cells with a particular potency for chondrifica- 
tion The precise environmental factors responsible foi this aberration 
are unknown at pi esent, although it is probable that they, too, are stress, 
strain, inflammation and necrosis Such a phenomenon, as well as the 
production of cartilage from epithelium, adds to the accumulating evi- 
dence against the specificity of chondroblasts 

6 Closely related to the question of the direct transformation of 
collagenous tissue to fibrocartilage is that of heterotopic ossification 
The significance of the very familiar picture observed in foci of stromal 
ossification ought to be reconsidered in the light of certain histologic 
observations One notes a transition between the ossified matrix and 
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the adjacent mature collagen of the stroma (figs 8 and 9) One can 
actually observe the collagenous fibers from the surrounding stroma 
continuing on into the bony tiabecula The piocess seems to consist 
first of a homogenization of the collagen, due perhaps to necrosis, hemoi - 
rhage, inflammation and other processes This homogenized collagen 
possesses an affinity foi calcium The cells of the oiigmal collagen — 
the fibiocytes — aie imprisoned by the matrix and in this situation are 
called osteocytes The result of this transformation is a bony trabecula, 
in which tiansfoimation the role of the cells appeals to be of entirely 
secondary impoitance 

These same figures illustrate a second significant point At A 
(fig 8) one observes the line of advancing ossification At this site, 
however, one notes the practical absence of cells that might be called 
osteoblasts This is especially striking in contiast wnth the other 
surfaces of the same trabecula If osteoblasts were responsible for this 
progressive ossification, one wmuld logically expect to see them active 
at the line of advancing ossification It would seem, therefore, that 
the new bony matrix in this type of ossification is derived not from 
osteoblasts but from a direct ti ansf ormation of nonspecific collagen with 
nonspecific fibrocytes 

This observation and interpretation are not new Similar examples 
aie found classically in ossified tuberculous complexes Weidenreich 
mentioned several investigators other than himself who had observed 
the same type of picture and had applied a similar interpretation Direct 
opposition to the vitahstic concept of the specificity of the osteoblast has 
been voiced in clearcut terms by Leriche and Pohcard,”®’^ Grieg and 
Mull ay®’- T B Mallory concluded from his observations of ossified 
soft tissue sarcomas that any fibroblast may take over the function of 
the osteoblast, a view stated in 1914 by F B Mallory 

However, this mechanistic concept of heteiotopic bone formation 
continues to meet with the resistance of the adherents to the traditional 
concept of mtramembranous ossification as given in textbooks For 
example, Ham stated m Cowdry’s ‘‘Special Cytology” that “there is 
no evidence to show that metaplastic bone develops by a metamorphosis 

79 Weidenreich, F Das Knochengewebe, in von Mollendorff, W Handbuch 
der mikroskopischen Anatomie des Menschen, Berlin, Julius Springer, 1930, %ol 
2, pt 2, p 435 

80 Grieg, D M Clinical Observations on the Surgical Pathology of Bone, 
London, Oliver & Boyd, 1931, chap 1 

81 Murray, C R J Dent Research 11 837, 1931 

82 Mallory, F B The Principles of Pathologic Histology, Philadelphia, W 
B Saunders Company, 1914, pp 275-277 

83 Ham, A W , in Cowdry, E V Special Cytology, ed 2, New York, Paul 
B Hoeber, Inc , 1932, vol 2, p 990 
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of adult tissues ” Rhode, in an extensive article, emphatically denied 
the possibility of ossification by diiect tiansfoimation of connective tissue 
and insisted that bone is invai lably foi mod from osteoblasts or undiffer- 
entiated, “unused lemaining mesenchymal cells ” These osteoblasts are 
assumed to secrete oi to become peiipheially tiansformed into matrix 
(Shipley Maximow and Bloom Any mciease m size of the 
tiabecula is consideied to be due to the activity of the osteoblasts 

Howevei, theie is jet a second famihai important moiphologic 
observation, in addition to that of the direct tiansformation of collagen 
to bony matiix, which is explained inadequately by the standard con- 
cept, namely, the regular alinement of osteoblasts against the surfaces 
of a tiabecula (fig 8) This commonplace finding is generally regarded 
as a leflection of a behavioi characteristically pecuhai to osteoblasts and 
in a measuie indicative of their specificity Maximow and Bloom 
stated that the mciease in size of the trabecula is due to the secretory 
activity of the osteoblasts Thej appear not to have accounted for the 
alinement other than to state that “the osteoblasts gradually move to 
the exteiior ” Does it not seem likel), on the one liand, if individual 
cells were secieting their vaiying amounts of matrix, that the trabecular 
suiface would tend to be distinctl) inegulai and the cells inegularly 
alined? On the othei hand, does it not seem more reasonable that the 
inteistitial substance is oiiginally of a fluid nature, deiived perhaps 
fiom tissue fluids, lymph or plasma, and that the alinement is a com- 
pression phenomenon simulating in a sense the alinement of ciumbs 
by a biead crumber or of debris on the beach bj the incoming waves? 

Regarding the origin of the interstitial substance from plasma, one 
IS reminded of the hyahnoid material of the Tunnmojeld zone and 
Gei iistmai k in scurvy, which is generally considered to be formed in 
part by the osteoid secretion of osteoblasts (foi instance, Wolbach and 
Howe®®) but which Aschoff and Koch®® regarded fibrinous in nature 
The presence of blood pigment m the Gci ustiuai k ®® and the hemorrhagic 
tendency m this disease fortify the suggestion of the intravascular origin 
of this material This is of utmost significance, because this hyahnoid 
material becomes transformed into the matiix of osteoid tissue 

It IS relevant here to refei again to the fundamental observations of 
Baitsell, Harrison, Nageotte and Doljanski and Roulet on the develop- 
ment of collagen from plasma oi seious fluids with no apparent oi only 
an indirect influence of cells These observations furnish the basis for 
the formulation of a theory of mti amembranous ossification which seems 
to be more directly m accord with the morphologic facts and which 

84 Rhode, C Surg , Gynec &. Obst 41 740, 1925 

85 Wolbach, S B , and Howe, P R Arch Path 1 1, 1926 

86 AschoflF, L , and Koch, W Skorbut Eine pathologisch-anatomische Studie, 
Jena, Gustav Fischer, 1919 
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does not circumvent the observations of lieteiotopic ossification by the 
use of vitabstic hypotheses based on ubiquitous mesenchymal cells of a 
specific nature 

The formation of collagen directly by the gelation of the colloidal 
sols of plasma seium or protein tissue fluids is considered to supply the 
foundation for the development of the matrix of osteoid tissue, of which 
collagen is the principal oiganic component This fluid or, later, semisolid 
matrix alines the cells in the vicinity in the characteristic osteoblastic 
iim by virtue of its lateral piessure against them If too few cells are 
present, naturally no such rim is formed , if the bone is developing 
adjacent to or m the midst of }Oung, cellular, easily compressible gran- 
ulation tissue, obviously the likelihood of such an ahnement is increased 
to the degiee of the cellularity and compi essibihty The addition of 
further increments of interstitial substance to the newly developing 
trabecula appeals to be responsible for the lamellations With the 
increase m matiix, many of the osteoblasts are forced aside in a regular 
line by the wave of new mateiial, others aie imprisoned as osteocytes 
This substance becomes further elaborated into osteoid matrix, and 
finally calcification occurs 

The evidence is not convincing by any means that participation even 
m the biochemical processes concerned with calcification is a specific 
pioperty of osteoblasts It must be recalled, for example, that in the 
kidneys of certain animals the phosphatase activity is fully 50 per cent 
of that of an equal weight of epiphysial cartilage (Robinson®^) An 
interesting experiment illustrating the immediate unimpoitance of living 
cells in the process of calcification of cartilage under certain conditions 
IS furnished by Wells and Benson ®® They heated pieces of epiphysial, 
lib and tracheal cartilage to a temperature judged sufficient to kill the 
cells and placed the pieces m the peritoneal cavity for a varying number 
of weeks The calcification of the epiphysial cartilage was found to be 
strikingly greatei than that of either the rib or the tracheal cartilage 
In other words, that cartilage which would have normally ossified in 
situ became calcified in the peritoneal cavity, whereas the other cartilages 
— costal and tracheal — which normally do not ossify in situ, showed 
relatively little calcification To repeat, this phenomenon occurred in 
the absence of living cells or of “vital action” within the cartilages 

The phenomenon of heterotopic ossification dovetails easily into the 
concept outlined, which sti esses, first, the extracellular development of 
both collagen and osteoid matrix and, second, the close relationship of 
collagen to osteoid matrix and of both to a common interstitial sub- 
stance The collagen of the involved connective tissue is changed from 
its neighboring collagen by a variety of possible factors, such as trauma, 

87 Robinson, R Biochem J 17 286, 1923 
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stiess, strain, neciosis and inflammation, with lesnlting homogenization 
and acquisition of an afflnit}'’ foi calcium 

SUMMARY 

Foui so-called mixed tumois fiom mammaii glands of dogs and 
one from a human bieast are desciibed These tumors contain myxoma- 
tous tissue, cartilage, osteoid tissue and bone The tumor of the human 
breast is a fibromyxochondi osai coma Thiee of the canine tumois aie 
carcinomas , the f oui th is a sai coma 

Contraiy to the geneially held concepts of the specificity of germ 
layers, the caitilage in three of the canine neoplasms appeals to be do ived 
dn ectly /; om adult epithclnim The tiansition stages of the conveision of 
the epithelium into cartilage are easily followed and consist of (1) loosen- 
ing of the acinar epithelium, (2) isolation of the epithelial cells in a 
matrix so as to simulate myxomatous tissue, (3) collagenization of the 
mucoid matrix and (4) homogenization and lacunar formation 

This "epithelial caitilage” is considered to be true caitilage as judged 
by known morphologic, biochemical (panel eatic digestion) and tinctorial 
Cl iteria 

The development of fibiocartilage from matuie, sclerotic collagenous 
tissue rather than directly from immature mesenchymal cells has been 
observed and its significance indicated 

A mechanistic theory of intramembianous ossification is outlined 
which accounts for both normal and heterotopic ossification without the 
use of the traditional vitalistic hypothesis of specific osteoblasts and 
ubiquitous undifferentiated mesenchymal cells 

Reasons favoring the nonspecificity of chondi oblasts and osteoblasts 
are presented, with emphasis on the importance of environmental fac- 
tors, in agreement ivith the "newer,” mechanistic embrjmlog)'’ 

The term "mixed tumoi” as applied to this type of neoplasm is mis- 
leading and, if used at all, should be resei\ed foi tumois composed of 
dysontogenetic tissues, such as organoid teratomas "Myxo-,” "chon- 
di o-,” “osteoid-” or “osteo-” should be added to “caicinoma” or 
"sarcoma” to designate the type of tumor described heie when the myxo, 
chondro, osteoid or osseous tissue is a direct modification of the tumor 
tissue The presence of heterotopic stromal chondrification or ossification 
should of course not be indicated by qualifying adjectives 

Considerations similar to the foregoing are obviously applicable to 
other tumors of this type — for example, the so-called mixed tumors of 
the salivary glands 

Reasons for the strikingly high incidence of cartilage and bone in 
tumors of the mammary glands of dogs as contrasted with man are given 
These are based on the liability of the former to trauma, with resulting 
necrosis, hemorrhage, inflammation and edema, and on the retiform 
pattern of the canine acinar epithelium 



EVALUATION OF THE APPARENTLY INCREASED 
INCIDENCE OF PRIMARY CARCINOMA 
OF THE LUNG 

THOMAS M PEERY, MD 

WASHINGTON, D C 

Prior to 1900 primary carcinoma of the lung was believed to be 
exceedingly rare, and when a tumor was found in the lung it was almost 
always considered to be metastatic Now carcinoma of the lung is 
thought to be quite common, ranking with carcinoma of the stomach, 
breast and uterus in frequency Although the evidence suggests strongly 
that there have been both a relative and an actual increase in primary 
carcinoma of the lung, physicians should investigate carefully other 
possibilities before accepting this as a proved fact 

In any attempt to conform with changing ideas of tumor origin, it 
IS natural that certain pendulum-like tendencies should develop It is 
my purpose in this paper to suggest that such may be the case in the 
diagnosis of primary carcinoma of the lung 

It would be inteiestmg in this connection to study the incidence of 
endothelioma of the pleura over a number of years Unfortunately 
information on the incidence of this tumor is not readily available 
Certainly the diagnosis was relatively common a few years ago, while 
now most of the cases are thought to be instances of primary carcinoma 
of the lung The old "oat celh^ tumor of the mediastinum, so commonly 
mentioned in English writings, is now thought by most pathologists 
to be primary m the lungs rather than in the lymph nodes And much 
more recently the Pancoast tumor of the superior pulmonary sulcus 
appears to be slipping into the classification of primary carcinoma of 
the lung 

Most publications on the subject of primary carcinoma of the lung 
stiess the multiplicity of clinical and histologic types This in itself is 
enough to give one pause Furthermore, the gross ciiteria are inexact 
In most instances the tumor is thought to be primary in the bronchi, 
and involvement of the bronchial mucosa is a helpful diagnostic point 
at autopsy This is not an adequate criterion, however, as will be shown 
later , in a good many instances a tumor primary elsewhei e metastasizes 
to the bronchi Some waiters state that primary carcinoma of the lung 

From the Department of Pathology of the George Washington Umveisity 
School of Medicine 
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may be manifest as bilateial multiple disci ete tunioi masses This would 
seem to let down the bais to all sorts of tumois, piimaiy elsewheie and 
metastatic in the lungs I have lecently seen a case of this soit, with 
multiple discrete tumois of about equal size in both lungs, diagnosed 
as one of piimaiy caicinoma of the lung, although the autopsy had 
been restiicted The opeiatoi vas a suigeon who laiely did an autops) 
and he stated that the panel eas A\as indurated and the livei contained 
nodules No sections A\ere obtained from the pancreas 

Even in the most expeiienced hands a piimaiy tumoi can be easih 
overlooked, especially if located in the nasophaiynx Fuitheimoie, mam 
cases of caicinoma show, at the time of neciops}, laige masses thiough- 
out the body, any one of which could have been piimaiy It would 
appear that these could be easily diftci entiated on the basis of the ccllulai 
pictuie, but m many instances that is not the case It is the pooily 
diffei entiated adenocarcinoma that is apt to give most difficulty in this 
legard and in such cases the tissue of oiigin mar nerei be detei mined 
certainly The diiection and chaiactei of the metastases aie frequeiith 
of help in ai riving at a conclusion 

A case in point will illustrate the difficulties that may be encounteied 

CASE 1 

An emaciated 70 jear old white man was admitted to tiie Galhngcr Municipal 
Hospital in Maich 1939, w'lth a history of difficult} in swallowing and breathing 
There was a brief note on the hospital rccoid that a tumor had been remo^ed 
from the “throat” at another hospital in March 1937 There w'as a mass about 
3 cm in diameter just above the middle of the right clavicle Phjsical examina- 
tion revealed nothing else remarkable The difficulty in sw’allowing became nioic 
severe, and a gastrostomy was done under local anesthesia The man died ten 
days later, apparently of pneumonia 

Autopsy disclosed an abscess 10 cm in diameter in the anterior portion of the 
lower lobe of the left lung, near the apex of the heart A bronchus 8 mm in 
diameter, leading into that portion of the lung which contained the abscess, v'as 
almost occluded by a soft intrabronchial tumoi growth (fig 1) The whole 
growth in this area measured 1 5 cm in diameter Scveial smaller nodules of 
tumor tissue were located near the bronchial growth, and flat umbilicated nodules 
were noted on the pleural surfaces ot both lungs Two lymph nodes in the lulus 
were greatly enlarged and contained tumor tissue The mass in the right side 
of the neck consisted of neoplasm in lymph nodes there, intimately suiioundmg 
the right vagus and accessory nerves and infiltrating their sheaths The jugulai 
vein in the same area was completely obliterated by tumor grow'th The laivnx 
esophagus and trachea showed no evidence of ulceration, tumefaction, scariing oi 
other abnormalitv 

This case at the time of autopsy was thought to be one of piimaiv 
bronchogenic carcinoma with metastasis to the mediastinal and ceivical 
lymph nodes The involvement of the vagus and accessor}'’ neives was 
thought to hav^e caused the dysphagia^ which was the most conspicuous 
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clinical symptom m the case The stenosmg bronchial tumor, associated 
with a mediastinal metastasis and with a pulmonaiy abscess, appeared 
typical of primary carcinoma of the bionchus Histologically, the tumor 
was composed of rathei undifferentiated cells, obviously of squamous 
type, this IS, of course, a common stiuctuie for primary caicinoma of 
the bionchus On reviewing the case, however, I was struck by the fact 



Fig 1 (case 1) — Epideimoid carcinoma of a bronchus, metastatic from a 
carcinoma of the larynx At autopsy there were a stenosmg bronchial lesion, an 
abscess of the lung and a mediastinal metastasis This growth was thought at 
fii st to be primary m the bronchus Above a longitudinal section of the hi onchus , 
X 20 Below a part of the same , X 100 

that there was a laige mass in the i ight side of the neck, that the giowth 
m the lung was on the left and that thei e was no definite chain of lymph 
nodes connecting the two As a loutme check-up, micioscopic section 
and the record of the oi iginal tumoi were examined The biopsy speci- 
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men had been taken from the esophagus at about the level of the larynx 
and was diagnosed as epidermoid carcinoma , its cells were indis- 
tinguishable from those in the section of bronchus Subsequently 
roentgen ray treatment had been given, and the mucosal lesion of the 
esophagus had been observed to disappeai 

This was undoubtedly an instance of metastasis to the bronchus and 
lung fioni a carcinoma piimary in the esophagus The primary tumoi 
had healed completely as a result of roentgen ray therapy, leaving tumoi 
tissue viable only m the metastases 

Involvement of the bronchial mucosa is not a satisfactory cnteiion 
for stating that a tumoi is pi unary in the bionchus Metastasis to the 
bionchial mucosa is faiily common in a wide vaiiety of tumors An} 
tumor involving the hilai 1} mph nodes may extend along the lymphatics 
directly into the mucosa, and tumor cells may leach the mucosa as a 
lymphatic extension from metastatic tumors bi ought to the lung b} the 
blood stream 

In the other 2 cases to be cited the diagnosis was more obvious 

CASE 2 

A 47 year old Negio woman underwent a radical mastectomy at the Gallinger 
Municipal Hospital m June 1938 for carcinoma of the breast In February 1939 
she was readmitted because of dyspnea, loss of weight and of appetite, and 
swelling of the left arm and hand Autopsy showed a bionchus 1 cm in diameter 
in the lower lobe of the right lung to be almost completely occluded by tumoi 
tissue (fig 2) There were widespread metastases in both lungs and m the 
hilar lymph nodes There were tumor deposits in the axillas, and the growth 
there had infiltrated a tributary of the axillary vein, whence tumor cell emboli 
could be carried to the lung In the lung the tumor probably grew along the 
lymphatic routes and reached the hilar lymph nodes, and thence reached the 
bronchial mucosa, or extension could have been directly from the lymphatics of 
the alveoli into the b'^mphatic channels of the bronchial mucosa 

CASE 3 

A 16 year old Negro boy was admitted to the Gallinger Municipal Hospital 
in April 1937 because of cough and loss of weight There was rather marked 
enlargement of the cervical lymph nodes Biopsy of one of these nodes established 
the diagnosis of Hodgkin’s disease On a second admission, in Novembei 1937, 
mediastinal masses were demonstrated by roentgenogram Subsequently masses 
developed in the abdomen, and the final admission, in May 1938, was because of 
enlargement of the abdomen and weakness Roentgen ray treatment was given 
intermittently over the neck and abdomen between the last two admissions Death 
occurred in July 1938 Autopsy disclosed, in addition to Hodgkin’s disease of 
the liver and spleen and of the lymph nodes generally, a flat nodular growth in the 
right mam bronchus and almost complete occlusion of the bronchus to the middle 
lobe of the right lung by Hodgkin’s tissue (fig 3) Theie was also invasion 
of the branches of the right pulmonary artery and vein, as well as of the lung 
parenchyma about the lulus The tumor growth jn the bronchi, great vessels 
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Fig 2 (case 2) — Adenocarcinoma of a bronchus, metastatic from a tumor of 
a bieast Above gross photograph, about actual size, showing flat nodular neo- 
plastic growth filling the lumen and infiltrating the wall of the bronchus, simulating 
piimary bronchogenic carcinoma Middle cross section of the bronchus, showing 
tumor cells in the mucosa and submucosa , X 20 Below a part of the same, 
showing tumor cells infiltrating among the bronchial mucous glands, X 100 
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and lung parenchyma appeared to be a result of direct extension along the 
Ijmphatics from the hilar lymph nodes 

The last 2 cases are cited not because theie was any difficulty in 
differentiating the lesions from those of primaiy bionchogenic car- 




Fig 3 (case 3) — Hodgkin’s disease of a bionchus to illustrate involvement 
of the bronchial mucosa by growths not primaiy there Abo\e cross section 
of the bronchus, the lumen of which is almost completelj'- filled by Hodgkin’s 
tissue , X 20 Below a part of the same, showing Hodgkin s tissue among the 
mucous glands of the bronchus , X 100 


cmoina grossly but because there was extensive involvement of the 
bronchial mucosa by metastatic tumor Microscopically, however, the 
differentiation would be moie difficult The solid sheets of rather 
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anaplastic cells shown m figure 2, infiltrating among the glands of the 
bionchial mucosa, could not be identified as from the breast by studying 
that section alone 

Since the lelative and the actual incidence of any type of neoplasm 
aie usually determined from autopsy statistics, the final responsibility 
foi detei mining the frequency of a ceitain type of tumor rests on the 
pathologist Generally this practice results in a high degree of accuracy, 
but it has Its pitfalls, as most pathologists will readily admit Autopsies 
do not reveal the answer to a clinical question as a cut and dried 
mathematical derivation, since the judgment of the pathologist and 
sometimes his whims and fancies come into play Witness the Kruken- 
lierg tumor, long classified as a primary tumor of the ovaries , primary 
carcinoma of the liver, which was thought to be extremely rare at one 
time, liposarcoma and neurosarcoma, which have emerged from the 
older round cell and spindle cell sarcomas thought to be of fascial origin 

It IS obvious that there is no ready solution to the problem presented 
The most logical appioach foi the pathologist is to submit every case 
of carcinoma of the lung encounteied at autopsy to an unusually thorough 
investigation If tuinoi masses aie found outside the pulmonary system, 
the case should be studied very carefully to determine which is the 
primary lesion It seems doubtful to me that a tumor should be con- 
sidered pi unary in the lung when discrete nodules of equal size are 
distiibuted more or less uniformly throughout both lungs 

SUMMARY 

One should hesitate in concluding that primary carcinoma of the 
lung IS increasing in frequency It is suggested that statistics in this 
field aie probably misleading, for the following leasons 

1 Prioi to 1900 primary carcinoma of the lung was probably 
diagnosed less fiequenll}’^ than it actually occuired, even aftei autopsy, 
because of the belief then current that the tumor was exceedingly rare 
IMost of the tumors of this type occurring at that time were considered 
metastatic, piobably eiioneously 

2 Possibly the diagnosis of cancer of the lung is made more fre- 
quently now than is justifiable Involvement of the bronchial mucosa, 
generally consideied to be one of the criteria for the diagnosis, is not 
reliable, since metastases to the bronchial mucosa are relatively common 
The success of surgical opeiation and of the application of radium and 
the roentgen lay in eliminating accessible primary growths, while the 
secondary tumors leinain viable and growing, places an obligation on 
both the clinician and the pathologist to evaluate carefully the findings 
in e\eiy case 
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3 The virtual abandonment of the diagnoses “endothelioma of the 
pleura,” “oat cell tumoi of the mediastinum” and “tumoi of the supeiioi 
pulmonary sulcus” and the placing of all the tumoi s foimeily designated 
by these terms m the classification of piimaiy caicmoma of the lung, 
has enlarged the gioup consideiably These tumoi s appeal to me to be 
coriectly classified as piimaiy caicmoma of the lung, but the change 
has swollen the statistics lathei than inci eased the incidence of the 
disease 

Undoubtedly piimai}' caicmoma of the lung is quite common, but 
the alarming apparent mciease m the incidence of the tumor m 
repoited statistics cannot justifiably be accepted as an actual mciease 
until due allowances aie made foi the pendulum to come to lest 



EXPERIMENTAL STUDIES IN CARDIOVASCULAR 

PATHOLOGY 

I PArHOLOGIC CHANGES IN THE ORGANS OF RATS PRODUCED 
BY CHRONIC NITRITE POISONING 

W C HUEPER, MD 
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J W LANDSBERG, D Sc 

NEW YORK 

An urgent need exists for additional information concerning the 
etiologic factors and the causative mechanism of the nonmfectious degen- 
erative and sclerosing lesions of the arterial walls and their degenerative 
parenchymatous sequelae m the organs involved, especially the heart, 
kidney and brain Among the various endogenous factors which have 
been incriminated m the production of arteriosclerosis, some are of 
general chemical or hormonal nature (elevation of the cholesterol and 
calcium levels of the blood, as m diabetes and hyperparathyroidism, 
respectively, hypeiadrenalism, renal ischemia, causing hypertension), 
while others are of local type (locally restricted special mechanical 
strain, vibrations, as at bifurcations) The experimental production 
of arteriosclerosis m animals by prolonged administration of cholesterol 
or epinephrine and by restriction of the blood flow m the renal arteries, 
respectively, has lent support to the contention that these factors play 
a causative role 

On the premise that the fundamental and general direct causative 
mechanism active in the development of atheromatous, arterionecrotic 
and arteriosclerotic lesions is represented by an impairment of the 
nutrition of the inner portions of the vascular walls (which are not 
supplied with blood by the vasa vasorum) and that this condition may 
be brought about by a great variety of factors acting m different ways, 
the postulate is advanced that hypotensive agents administered over a 
sufficiently long period and m adequate amounts should exert the same 
effect on the vascular walls as have been observed m connection with 
hypertensive agents To test this hypothesis, rats were placed under 
the prolonged influence of a hypotension-producing chemical, erythrol 
tetramtrate 

This communication embraces a report on the vascular and organic 
changes produced by such a procedure 

Warner Institute for Therapeutic Research 


633 



634 


ARCHIVES OF PATHOLOGY 


CONSIDERATIONS IN SELECTION OE EXPERIMENIAL MATERIAL 

In selecting erythiol tetianitiate fiom the laige group of nitrites 
and nitrates piodticing nitiite eftects (sodium nitrite, aim I nitiite, nitio- 
glycenn, mannitol pentaniti ate, eth3dene glycol dinitrate, erythrol tetia- 
nitrate and otheis) special consideiation was gi\en to the fact that this 
chemical causes not onl)' an appreciable but a prolonged lowering of 
the blood pressuie, in contiast to other nitiites, which have a more 
transitory effect m this lespect By emploiing this chemical, it uas 
thought, animals could be kept foi the gieatei pait of the da)' under 
the influence of nitrite action 

Rats were chosen as test animals since the) spontaneously acquire 
aiteriosclerotic lesions in vessels of \aiious organs (heait, lungs, kid- 
ney, testis) with old age, thus displaying a rasculai reactivity similar 
to that obseived in man, with whom, moieovei, they ha^e in common 
an exposure to nutiitive influences of the same type, both being 
omnivores The selection of rats was further influenced by the fact 
that recent pathologic and histologic investigations (Hueper^, Wilens 
and Sproul", Hummel and Baines®) ha\e provided detailed knowledge 
concerning the incidence as to age, the character and the extent of the 
arteriosclerotic lesions occuinng in rats These animals have been used 
successfully, moreovei, for the pioduction of experimental hypei tension 
by the method of renal ischemia de^ eloped b) Goldblatt ‘ 

EXPERIMENTAL PROCEDURE 

Three experiments were conducted In the first, 30 male rats, approximate!} 
2 months old and weighing between 52 and 110 Gm (a\eiage, 77 Gm ), were 
placed on a stock diet adequate in all respects Increasing amounts of erythiol 
tetranitrate were added to the food The chemical was obtained m tablets 
(tetranitrol, Merck) containing 0 015 Gm each As erythrol tetranitrate is 
sparingly soluble in water (1 20,000) but leadily soluble in alcohol, a suitable 
number of tablets were dissolved m 95 per cent alcohol, leaving an insoluble 
mineral residue This solution was shaken vigorously, after which approximately 
5 0 cc was removed and added to the food in each cage, containing 6 rats The 
initial daily dose per rat was 0 00035 Gm of erythrol tetranitrate The dose 
was increased every week by 25 per cent of the amount given during the pie- 
ceding week At the end of the experimental period of thirty-two weeks the 
daily amount of erythrol tetranitrate administered with the food pei rat had 
reached 0 064 Gm , an increase of approximately twentv times 

Inasmuch as the conditions prevailing in the experiment with chronic oral 
administration neither insured exact control of the dose consumed by the indi- 
vidual animal nor permitted determination of the quantity of nitrite actually 
resorbed into the organism, a series of 12 female rats was given subcutaneous 

1 Hueper, W C Arch Path 20 708, 1935 , 27 466, 1939 

2 Wilens, S L , and Sproul, EE Am J Path 14 177, 1938 

3 Hummel, K P , and Barnes, L L Am J Path 14 121, 1938 

4 Goldblatt, H Am J Path 15 619, 1939 , Bull New York Acad Med 14 
523, 1938 
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injections of a saline suspension of eiythrol tetranitrate over a period of one 
hundred and forty days (twenty weeks) on five days of the week (a total of 
eighty injections) The dose administered daily was 0 014 Gm during the first 
week and 0 028 Gm thereafter for the remainder of the experiment The injections 
were interrupted on foui occasions for the duration of one week, to permit healing 
of ulcerative lesions formed as the result of the subcutaneous introduction of 
the suspended solid material The rats in this experiment were approximately 
3 months old at the start and weighed from 118 to 158 Gm (a\erage, 124 Gm ) 
The third experiment was devised to peimit study of the organic and especially 
the cardiovascular effect of massive doses of an inorganic nitrite, sodium nitrite, 
for purposes of comparison Six rats were used, weighing between 160 and 236 
Gm at the start of the experiment Theji w'ere placed on a meat diet, to 
which 04 Gm of sodium nitrite per rat was added daily After tw'O weeks the 
daily dose was decreased to 0 20 Gm , as the rats did not consume their entii e 
ration After another week it was doubled again and three weeks later w'as 
increased to 0 5 Gm The rats were maintained on this diet until the last sur- 
vivors of the series were killed, after being in the experiment for eighteen weeks 


BIOLOGIC OBSERVATIONS 

Sixteen of the 30 rats placed on chronic oral administration of erythrol 
tetranitrate survived for thirty-tw'o w'eeks They were then killed by bleeding 
from the jugular vein During the experimental period a constant rise in weight 
was recorded, ranging at the time of death (when they were approximately 9 
months old) from 200 to 376 Gm (average, 262 Gm ) Nine rats of this series 
died or were killed during the first three months of the experiment because of 
an apparent inflammatory infectious condition of the middle ear, while 5 additional 
rats died during a later part 

Of the rats given subcutaneous injections, 10 were alive at the end of the 
experiment The animals gained only slowly, their weights remaining stationary 
during the first two months There was a subsequent gain which brought the 
weights at the end of the experiment to between 175 and 212 Gm (average, 199 
Gm ) In the course of the experiment several rats became aggressive and vicious 
engaging in frequent and violent fights, especially after the injection of the nitrate 

The rats of the sodium nitrite series were listless and exhibited a cyanotic 
color of skin, which was especially prominent in the tails, ears and feet All 
rats except one showed a more or less marked loss of weight Two rats of this 
series died during the first two weeks of the experiment, and 2 additional ones 
were killed after being in the experiment for four weeks 


OBSERVATIONS AT AUTOPSY 

Macroscopic Changes — The lats belonging to the two erythrol tetranitrate 
series had relatively few macroscopically demonstrable organic lesions In the 
oral series several rats which died in the course of the experiment had hvperemic 
meninges, small flabby brown livers, enlarged, greenish brown kidneys and small 
soft testes In 7 other rats there were j'ellowish to greenish yellow abscesses 
involving the occipital region of the brain, adjacent to the region of the middle 
ear The rats belonging to the sodium nitrite series showed, on the other hand, 
meningeal vessels filled to the point of congestion with brownish blood, flattened 
cerebral gyri, collapsed brownish lungs, a soft brow-n liver, dark red kidneys, 
small testes and coffee ground-colored mucosal erosions in the stomach, w'hich 
contained similarlj colored material The intestine w'as congested and m places 
w'as filled with hemorrhagic material 
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Fig 1 — A, perivascular fibioblastic proliferation and lymphocytic infiltiation 
with marked edema of the surrounding nerve tissue , X 450 B, extensive vacuolar 
degeneration of ganglion cells in a center of the brain stem , X 450 
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Mia oscopic Changes — Inasmuch as the histologic changes observed in the 
organs of rats of all three series were essentially identical, varying mainly in degree 
and extent, it appears appropriate to present them together, especially as they 
supplement each other in certain respects Sections were prepared from the 
following organs brain, heart, lung, aorta, thyroid, submaxillary gland, stomach, 
intestine, pancreas, liver, spleen, lymph nodes, adrenal, kidney, bladder, prostate, 
seminal vesicles, epididymis, testis and bone mariow of the sternum and femur The 
sections were stained with hematoxylm-eosm , sections of the brain were stained 
in addition with toluidme blue, sections of the kidney and heart were prepared 
with Van Gieson’s connective tissue stain, sections of the spleen and kidney were 
stained by the prussian blue method for iron-containing pigments 

(a) Brain If the biams of 8 rats containing abscesses in the occipital region 
are excluded from further consideration, as these lesions could be ascribed to 
infections of the middle ear, the following changes were observed in the majority 
ol animals examined The meningeal membranes were often edematous and 
cellular and contained engorged vessels Intramenmgeal hemorrhages were seen 
occasionally Focal or more or less diffuse lymphocytic infiltrations of the 
meninges were rather common The intracerebral vessels were often congested 
and surrounded either by peiivascular edema or small hemorrhages Perivascular 
gha cell accumulations and fibroblastic proliferations were found not infrequently 
(fig 1^) Endothelial proliferation of the precapillary and capillary vessels was 
marked in some rats, causing obliteration of the lumens In a consideiable pro- 
portion of the rats the nervous substance contained either local or more or less 
diffuse glial cell infiltrations, involving mainly the region of the brain stem and 
of the cerebellum There were small focal necroses with ameboid gliosis in 
several rats Edema of the brain, sometimes associated with marked vacuolation 
(Swiss cheese-hke picture), was observed m several animals These lesions 
were often complicated by acute and chronic degenerative changes of the ganglion 
cells, especially those composing the centers of the brain stem (fig IF) 

{b) Heart While the myocardium and coronary vessels were noimal in 
some of the rats, many of the animals exhibited degenerative myocardial as well 
as coronary vascular lesions In a few animals these changes consisted of marked 
vascular congestion and multiple small hemorrhagic or plasmatic extravasations 
In addition to myocardial edema, there was usually an increase of interstitial 
histiocytic cells Hyaline and vacuolar myocardial degenerations were found in 
a moderate number of rats, whereas focal fibroblastic scars existed in several 
(fig 2 A) The lesions most frequently found in the hearts of these animals, 
however, involved the walls of the coronary myocardial vessels The media 
was swollen and completely or partially hyalmized The nuclei were much 
enlarged and irregularly round and were sometimes surrounded by a vacuolar 
zone In addition to a frequent reduction in the number of nuclei, there was 
often a localized complete loss of these elements Histiocytic cells were occasion- 
ally seen within the thickened, hyalmized media The lumens of some of these 
pathologic vessels were narrowed or showed a compressed oblong shape (figs 2 A 
and 3 A) Perivascular edema was seen in a moderate number of animals 

(c) Lung An appreciable number of rats had numerous polypous as well 
as plaquelike calcifications m the subendothelial spaces as well as m the media 
of large and small branches of the pulmonary artery The base of the calcified 
spurs was usually located within a break of the media In some small arterioles 
the calcified projections were so large that they occluded the greater part of the 
lumen The nuclei of the smooth muscle cells located in the stumps of the media 
were irregularly arranged in small clusters, and fibroblastic cells were interspersed 
with the muscle cells The pulmonary parenchyma w'as normal in general 




Fig 2 — A, fibroblastic myocardial scar, X 345 B, myocardial arteriole with 
thickened, homogeneous wall and perivascular edema The nuclei are reduced in 
number, markedly swollen and distorted The localized crowding of nuclei is 
caused by an invasion of histiocytes into the degenerated and vacuolated media, 
X625 
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Fig 3 — A, medium-sized mjmcardial artery with collapsed lumen and markedly 
thickened and hyalinized Mall, X 450 B, large renal arterj near the hilus with 
localized thickening and hyalmization of the wall, X 230 A few leukocytes and 
histiocytes are present in the marginal zone of the neciosis 
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(d) Stomach The gastric mucosa ^\as normal in the rats of the two erythrol 
tetranitrate series, whereas it was congested and contained small hemorrhagic 
defects in the animals of the sodium nitrite series 

(e) Liver The liver cells of most of the rats showed a peculiar fine granular 
or vacuolar degeneration of the cj'toplasm The nuclei often seemed to he in 
empty spaces or to be located in a cj'toplasm consisting of a loose accumulation of 
coarse granules 

(f) Spleen The more or less markedlj congested pulp contained in most 
instances a moderate to large amount of amorphous brown pigment located intra- 
cellularly and extracellularly The brown gianules stained greenish blue w'lth the 
Prussian blue method, while the delicate reticulum w'as impregnated with a dark 
olue iron-containing compound 

(g) Kidney Frequcntlj' the tubular epithelium showed hj'aline, granular 
degeneration and contained brownish globules which ga\e a negative reaction by 
the Prussian blue method Several of the large renal arterial branches at the hilus 
had a markedlj' thickened and locallj' hj'alinized wall, the hjalinized area being 
aemarcated from the intact smooth muscle cells of the media by small accumula- 
tions of mononuclear and lymphoid cells (fig 3 B) The walls of the renal 
arterioles were not infrequently markedlj' thickened and contained vacuolated and 
swollen smooth muscle cells and subendothelial and medial hj'alinizations The 
lumens w'ere narrowed (fig 4 A) Several kidneys contained w’edge-shaped areas 
in the cortex, consisting of a thickened interstitial tissue infiltrated with lympho- 
cytes, atrophic and cystic tubules partly filled w'lth a homogeneous, faintlj' calcified 
material and congested or atrophic and fibrotic glomeruli (fig 4 B) 

(It) Testes In the testicular arteries of an appreciable number of rats calcified 
plates involved the media, occupying the entire circumference of the vessel Some of 
these rats as w'ell as some without the vascular changes showed more or less 
marked degenerative lesions of spermatogenic epithelium of the tubules Spermatid 
giant cells and calcium incrustations in the tubular debris were seen in several 
instances 

(i) Bone Marrow The marrow of the sternum and femur was often congested 
and was composed in the majority of cases of a dense myeloid tissue, in which 
the mature myeloid elements predominated The erythropoiesis was usually mod- 
el ate to marked An immature marrow was seen in some instances 

(;) Other Organs These were essentially normal with the exception of varj'ing 
degrees of congestion 

The recorded observations demonsti ate that an appieciable number 
of the rats treated for vaiying peiiods with erythiol tetranitrate showed 
degeneiative lesions in the myocardial aiterioles These were associated 
sometimes with legressive or histiocytic-fibroblastic changes in the 
myocaidium Occasionally, capillary hemorrhagic extravasations were 
seen m a congested and edematous myocardial interstitial tissue A 
considerable proportion of the rats also exhibited calcifications of the 
subendothelial spaces and media of the arterial vessels of the lungs and 
testes Ai teriolosclerotic lesions were not infrequently found in the 
kidneys Regressive cellular changes were present in a large number 
of livers, especially among those from rats which survived for the entire 
experimental period The spleens often showed evidence of chronic 
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passive congestion associated with destruction of erythrocytes, indicated 
by the large amount of iron-containing brown pigment found m many 
of these organs In some of the testes extensive regressive changes 
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of the spermatogenic epithelium weie noted The bone marrow m 
general displayed active erythi opoicsis m the piesence of an often rather 
mature but dense myeloid tissue Hemorrhages and edema observed 
in a few cases, as well as hemosiderin m one instance, pointed to dis- 
turbances affecting both the circulation and the erythrocytes The 
circulatory, vascular, glial and ganglionic changes found m the brains 
of an appreciable number of lats were a striking feature of the various 
pathologic lesions noted in these rats after the chronic intioduction of 
eiythrol tetranitrate by mouth An analysis of these data in relation to 
the duration of exposuie to this agent bi ought out the fact that the 
various pathologic lesions recoided increased in frequency and severity 
with the time of exposuie 


Table 1 — SummaUon of Averaged Findings on the Blood of Rats Aftci Chionic 
Oial Administration of Etvthiol Tctraniti ate 


Days oi 

Erytlirocj tes. 

Hcmociobln, 

Mean 

Corpuscular 

HemoKlobln. 

Leukocytes, 

Expenment 

Millions 

Gm inlOOCc 

Gm inlOOCc 

Thousands 

1 

6 74 

10 4 

13 

18 7 

15 

7 41 

14 9 

20 

ICS 

85 

664 

17 5 

2S 

18 5 

61 

713 

13 3 

21 

15 9 

77 

0 95 

12 8 

19 

19 9 

IOC 

S57 

13 5 

13 

24 0 

119 

883 

13 3 

16 

31 7 

127 

7 85 

14 2 

19 

284 

152 

8 43 

15 3 

18 

301 

190 

7 76 

11 9 

16 

231 

213 

7 73 

11 1 

17 

20 0 

222 

831 

12 8 

10 

16 6 


HEMATOLOGIC DATA 

During the course of the experiment, studies were made on the blood of some 
of the rats of the two series which received crythrol tetranitrate The hematologic 
examinations were started with 10 rats of the oral series (only 6 survived the 
experimental period) and an equal number of the subcutaneous series The 
examinations were made at rather irregular intervals, which m general became 
longer with the duration of the investigation The blood for the examination 
was obtained by cutting the tails The blood constituents studied were the leuko- 
cj'tes (including the differential count), erythrocytes and hemoglobin From the 
figures obtained for the two last mentioned elements, the value of corpuscular 
hemoglobin was calculated 

The results of the hematologic studies are presented m tables 1 and 2 The 
tables are constructed on the basis of averaged values obtained from the 6 and 10 
rats, respectively, which could be followed through the entire period of nitrite 
treatment This procedure was adopted because all the animals m a particular 
series showed the same trend An analysis of the hematologic data shows the 
following facts 

Oial Senes — The hemoglobin started to rise on the fifteenth day of the experi- 
ment and reached its peak of 17 5 Gm on the thirty-fifth day The values receded 
gradually during the rest of the experiment but always remained above the original 
level 
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During the early period the erythrocyte counts fluctuated about a range 
within that given for normal rats ® This was followed by a marked elevation, 
which reached the highest peak on the one hundred and nineteenth day with 8,830,- 
000 cells Although the total red cell count dropped somewhat afterward, it 
fluctuated and maintained a mean definitely higher than the mean established 
for normal rats 

The mean value of the corpuscular hemoglobin showed changes similar to 
those in the values of hemoglobin Following a rapid rise, which not only paralleled 
but surpassed the upward movement of the values of hemoglobin, there occurred 
a rather rapid drop in the amount of the corpuscular hemoglobin, which reached 
its lowest point on the one hundred and sixth day, when it was somewhat below 
the normal range The latter part of the experimental period was thus character- 
ized by the fact that after marked fluctuations in the hemoglobin and the 
corpuscular hemoglobin values during the first part and considerable increases of 


Table 2 — Siimmahon of the Aveiaged Findings on the Blood After Subcutaneons 

Injection of Erythi ol Tetranitiaie 


Days of 

Erythrocytes, 

Hemoglobin, 

Mean 

Corpuscular 

Hemoglobin, 

Leukocytes 

Experiment 

filillions 

Gm mlOOCc 

Gm inlOOOc 

Thousands 

1 

723 

16 2 

22 

18 7 

3 

6 67 

14 7 

22 

14 4 

5 

6 53 

13 2 

19 

14 5 

9 

6 03 

12 5 

21 

13 8 

14 

5 52 

11 2 

20 

26 4 

20 

4 91 

11 5 

24 

15 6 

36 

616 

97 

18 

30 3 

57 

653 

11 S 

16 

29 0 

73 

8 07 

13 0 

16 

389 

79 

G 50 

12 9 

20 

34 1 

86 

712 

90 

13 

35 7 

107 

6 72 

11 1 

17 

34 5 

126 

7 47 

99 

13 

42 5 

133 

7 31 

110 

15 

221 


the erythrocytes during the middle part, the three constituents became more or 
less stabilized toward the end, remaining somewhat above the original levels m a 
parallel movement 

The total leukocyte count, after relatively minor fluctuations during the first 
two months of the experiment, showed a definite increase, which continued for 
the remaining five months The peak was reached on the one hundred and 
nineteenth day, when a maximum of 31,730 leukocytes was recorded From this 
peiiod until almost the end of the experiment the total white cell count maintained 
itself at a level high above the normal range On the day that the rats were 
killed, however, the white cell count had dropped to 16,640 (twelve days after the 
discontinuation of the nitrite treatment) 

The differential count did not show any significant shifts from the normal in 
spite of the considerably increased number of leukocjtes present during the latter 
half of the experimental period 

It was observed that in most instances the number of reticulocytes was 
increased definitely after the administration of erythrol tetranitrate, while the 
number of platelets exhibited a tendency toward lower values, within the normal 
range, during the latter part of the experimental period 


5 Wintrobe, cited bv Cushny ® 
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Snbcnfaneous Senes — The values of hemoglobin dropped almost sleadil}'- from 
the start of the experiment, reaching their lowest figure (9 76 Gm ) at the end 
01 the fifth week Following a transitory rise, the lalues dropped again and 
leached their lowest figure (9 Gm ) at the end of the third month There was 
subsequently a moderate rise with values somewhat below the normal range (i e , 
betw'een 9 9 and 12 9 Gm ) 

The erythrocyte count exhibited a similar initial i eduction, which was also 
followed by a gradual use This, however, was moie piolonged than that of the 
values of hemoglobin After having reached a figure slightly abo\e the original 
one, the erythrocj'te count decreased again and leinained for the rest of the 
experimental period within normal limits 

Following a slight initial drop and a subsequent steep rise to somewhat abo\e 
the normal level, the corpuscular hemoglobin decreased se\erclj' and persistcnth 
and remained at a reduced level for the last part of the experiment 

The leukocytes remained stationarj' as to number and tjpe during the fiist 
quarter of the expeiimental peiiod, then rose constantly until thej reached their 
peak before the end of the experiment, when 42,470 white cells represented the 
average leukocyte count There w'as at this time a moderate increase in the 
proportion of the neutrophilic and especialh' of the ju\enile leukoc\tes 


COMMENT 

The significance of the lecoided vasculai lesions and of the parench}- 
matous organic alterations depends on the demonstration of causative 
intenelations between the morphologic phenomena and the administra- 
tion of er 3 rthrol tetranitiate and sodium nitrite, lespectively Inasmuch 
as Hueper,’- W ilens and Sproul - and Hummel and Bai nes ^ i eported 
the spontaneous occuirence of similar caidiovasculai lesions in rats, it 
is essential that satisfactor}’- evidence be supplied which wnll exclude a 
possibly senile chaiacter of the organic changes obsened m the rats 
treated with nitrites The observations made by Wilens and Sproul" 
on the age distiibution of these pathologic changes of the ciiculator} 
tissue of lats aie therefore of great impoitance These investigators 
found that rats less than 400 days old aie piactically fiee fiom degen- 
eiative caidial lesions, "while the coronary sclerotic changes noted in 
23 of 487 lats examined showed in their age incidence a diiect i elation 
to the senile penod Similar obseivations weie made by Hummel and 
Baines, wdio noted that scleiotic caidiovasculai lesions were found m 
only 2 of 111 rats dying at an age of 261 to 374 days As the animals 
comprising the nitrite series weie m no instance older than 300 days, i e , 
they belonged to an age period duiing -which normally degenerative 
cardiovascular changes are rare oi absent, it becomes obvious that the 
organic lesions obseiwi-ed cannot be considered as the physiologic accom- 
paniments of old age but must be regaided as the results of the nitrite 
treatment This conception is suppoited by the fact that they occurred 
m the rats not only with marked severity and high incidence but with 
increasing frequency corresponding to the duration of exposure to 
the nitrites 
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A possible senile nature of the lesions observed in the treated rats 
having been excluded, it becomes pertinent to demonstrate whether 
the symptomatic and morphologic manifestations noted in the experi- 
mental animals resulted from the pharmacologic and toxicologic effects 
known to be exerted by nitrites and whether these reactions were similar 
to or identical with those seen in chronic nitrite poisoning of man 

The functional effects which inorganic nitrites as well as inorganic 
and alkyl nitrates exert on the vascular walls and the circulation of the 
blood are expressed in a relaxation of the walls of the peripheral 
arterioles with a resultant drop in blood pressure The most susceptible 
vessels, which react first and to the smallest doses, are those of the 
head, neck, brain and meninges Larger doses cause relaxation of 
the coronary vessels, while still larger ones produce dilatation of the 
vessels of the splanchnic region It is this widening of the vascular bed 
which causes the drop in blood pressure The slowing of the blood 
flow results in congestion, which in turn is followed by development of 
hypoxemic states, especially in those organs in which the demand for 
oxygen is high or which ai e highly susceptible to even minor deficiencies 
in the oxygen supply (biain and heart) It has been noted that the 
degree of vasodepression elicited depends not only on the particular type 
of nitnte used and the dose given but to a gieat extent on the subject as 
well as on his age (Cushny ® , Lowy ^ , Prodger and Ayman ® , Sprague 
and White 

The ensuing subjective symptoms of vasculocirculatory disturbances 
observed m chronic nitrite poisoning are transitory or more or less 
persistent low blood pressure, which may drop below 80 mm of mer- 
cury , a weak, soft pulse , dilatation of the left side of the heart , accentua- 
tion of the first heait sound, exaggeration of the apical beat, murmurs 
similar to those found with anemia, aortic regurgitation or mitral insuffi- 
ciency, irregularity of the heart beat, and other signs of myocardial 
impairment Tachycardia or bradycaidia is often present, the latter 
condition, however, changing readily into tachycardia on slight physical 
exertion, excessive change in environmental temperature and humidity 
01 consumption of alcoholic beverages or other agents which exert an 
additional vasodepressant effect Precordial pain and angmoid attacks 
are not infiequently lecorded During moie acute episodes the color 

6 Cushn 3 % A R Die Nitntgruppe, in Heffter, A Handbuch der experi- 
mcntellen Pharmakologie, Berlin, Julius Springer, 1923, vol 1, p 833 , A Text 
Book of Pharmacology and Therapeutics, ed 11, Philadelphia, Lea & Febiger, 
1936, p 630 

7 Lowy, J Die Klinik der Berufskiankheiten, Vienna, Emil Haim & Co 
1924, p 392 

8 Prodger, S H, and Ajman, D Am J 1\I Sc 184 480, 1932 

9 Sprague, H B , and White, P B M Chn North America 16 895, 1933 



646 


ARCHIVES OF PATHOLOGY 


of the skin is puiplish livid, most noticeable in the nail beds, bps, ears 
and nose As the result of the diiect oi indiiect action of the nitrites 
on the ceiebral circulation theie occui, in addition to headache, diverse 
symptoms such as insomnia, lestlessness, maniacal episodes, states of 
drowsiness and mental dulness The vasodepiessant effect on the 
splanchnic system causes the appeal ance of symptoms of indigestion and 
gastroenteritis (colic, bloody diarrhea) lesultmg fiom chronic congestion 
and hemoiihages of the gastiic and intestinal mucosa Sudden death 
may ensue with the s}mptoms of cerebral paiesis (Meixnei and Ma\i- 
hofei 01 of coionai}’’ thiombosis (Intel national Laboi Office 
Report^’-, Low}''', Laws^-, Ehright^^, Robeit^*, Schulz,^® and 
others) 

The following macioscopic and microscopic lesions have been 
lecoided m connection with deaths fiom nitiite poisoning meningeal 
and cerebral edema and congestion with peiivascular edema and 
accumulation of lymphoid and gha cells and blown pigment, multiple 
ceiebral hemonhages affecting mainly the legion of the brain stem, 
intimal proliferation, medial hyahnization, swelling and calcification of 
the cerebial vessels, peiivasculai fibious scais with capillaiy prolifera- 
tion, gliosis and blanching of the nerie substance, glial scars, acute and 
chionic degeneiation of ganglion cells, involving chief!} the centeis of 
the brain stem, coronary sclerosis, sw^elhng and h}ahnization of the 
walls of the myocardial aiterioles, enlaigement of the heait with hypei- 
tiophy of the left ventiicular wall, myocaidial degeneiation, fibrosis and 
cicati ization , chionic passive congestion of the liver with pericentral 
fatty degeneration, hemoiihagic gastritis and enteritis, nephrosis, 
arterioscleiosis of the lenal -vessels, and panel eatic hemonhages (Sohs- 
Cohen and Githens , Lowy ' , von Jaksch , Bmz , Meixnei and 
Mayihofer , Fischei-Wasels,^'’ and others) 

During the couise of the expeiiment seveial of the listed symptomatic 
manifestations of chionic nitiite poisoning, such as cold livid skin, mental 
depression, aggressiveness, as well as fainting spells, and attacks of 
tachycardia, were observed following the injection of nitiite The 

10 Meixner, K, and Majrhofer, A Vrtljschi f genclitl Med 61 228, 1921 

11 International Labor Office Repoits, \ol 2, no 281, Geneva, Switrerland 
International Labour Office 

12 Laws, G C J A M A 31 793, 1898 

13 Ebright, G E J A AI A 62 201, 1914 

14 Robert, E J de med de Bordeau-s; 112 10, 1935 

15 Schulz, O Samml f Vergiftungsfalle (B) 6 59, 1935 

16 Solis-Cohen, S , and Githens, T S Pharmacotherapeutics, New York 
D Appleton and Company, 1928, p 370 

17 von Jaksch, cited by Low'y " 

18 Binz C Arch f exper Path u Pharmakol 13 133, 1881 

19 Fischer-Wasels, B Fiankfuit Ztschr f Path 45 1, 1933 
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hematologic findings reflected the changes produced in the ciiculation 
and oxygenation of the blood The hematologic effects were especially 
striking in the oral group Following a primary compensatoiy phase 
of hemoglobinosis, there developed an appreciable and relatively continu- 
ous erythrocytosis in lesponse to the persistent and possibly intensified 
ciiculatory hypoxemia pioduced by the administration of nitrites Con- 
firmatory evidence of the presence of marked circulatory embarrassment 
during the latter part of the experimental period in both series is 
fuimshed by the behavior of the leukocytes The considerable leuko- 
cytosis without the usually occurring shift toward a higher proportion 
of immature cell forms and with the presence of a predominantly mature 
01 resting myeloid mairow characterizes the leukocytotic condition as a 
distributory phenomenon representing leukocytostasis in the distal 
peripheral vessels, such as those of the tip of the tail, caused by excessive 
slowing of the blood flow 

The anatomic studies of the oigans of the rats treated with nitrites 
revealed that the vascular and parenchymatous lesions produced in these 
3mung animals weie identical with those obseived in human subjects 
who had been exposed and subsequently succumbed to a chronic expo- 
sure to chemically related nitrites and similaily acting nitrates It is 
obvious that the existence of causal relations between the regiessive and 
scleiotic vascular alterations and some of the related pai enchymatous 
degenerations (especially those in the brain, lieait, kidney and testis) and 
the hypotensive and hj-poxemic effect exerted by the nitrite has not been 
lecognized in the past because the anatomic manifestations aie very 
similar to those consideied representative of, and resulting horn, or 
accompanying, chronic hypertension In the absence of adequate etio- 
logic and symptomatic data these pathologic changes may have been 
misinterpieted or may have been consideied as coincidental 

It IS believed that the experimental data presented offei satisfactory 
evidence in support of the actual existence of such intei relations and 
thus furnish experimental pi oof of the oiigmal premise that aiterio- 
scleiotic lesions may develop on a hypotensive as well as on a hyper- 
tensive basis, piovided the hypotensive condition is sufficiently seveie 
and piolonged While an inordinate hypertensive vasoconstiiction 
intei feres with proper nutrition of the vasculai wall, especially of its 
inner portion, not supplied with vasa vasoium, by a i eduction of the 
quantity of blood wdiich can penetrate these more or less compressed 
vessels (ischemic h}poxemia), the same effect is pioduced by the 
stagnant hypoxemia resulting from the excessive slowung of the blood 
flow accompanying h}potensive \ asodilation, wdnch also affects mainly 
those parts of the vascular w^alls in wdiich vital activity depends on 
nutritive exchange and discharge of w^aste pioducts through the process 
of diffusion 
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SUMMARY 

Oral and subcutaneous administration of er}throl tetranitrate and 
sodium nitrite, lespectively, to young, immatuie lats over a period of 
several months lesults in the production of degenerative vascular and 
pai enchymatous lesions in the heart, lung, biam, kidney and testis 
The chief causative factoi in the development of these changes is 
represented by a stagnant hypoxemia resulting from the slowing of the 
blood flow caused by the hypotensive vasodilatation elicited by the nitrite 
These experimentally produced organic changes are identical with 
those seen in man following chronic nitrite iroisoning and are very 
similar to those obsened in spontaneous or experimental hypertension 
as found in man and animals, respectively 

Inasmuch as vasodilating agents as well as vasoconstricting agents 
cause a nutritive disturbance of the vasculai walls, prolonged vasodila- 
tion or A^asoconstriction (hypotension or hypertension) results in the 
appearance of degeneiative and reactive prohfeiative phenomena in the 
vascular w^alls, which are considered as chaiacteiistic of arteriosclerosis 
and arteriolosclerosis, angionecrosis and atheromatosis 

The same causative mechanisms produce, by hypoxemia and asso- 
ciated nutiitive disturbances, regressive changes in the parenchymatous 
organs (heart, brain, kidney, testis), A\hich aie accentuated by the 
progressive circulatory impairment resulting from the vascular changes 



INCIDENCE OF PRIMARY CARCINOMA OF 

THE LUNG 

A REVIEW OF YALE AUTOPSY PROTOCOLS, 1917 TO 1937 
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In an earlier repoit^ on the incidence of primary carcinoma of the 
lung it was concluded that the generally recognized increase in the fre- 
quency of this neoplasm was real and absolute Excellent geneial 
reviews, particularly by Fiied- and by Simons,^ have since been pub- 
lished, but there still exists maiked divergence of opinion as to the 
nature of the observed increase in fiequency of bronchiogenic carcinoma 
Is this increase apparent oi leal, lelative or absolute^ After analyzing 
the various factors involved, Fried ^ concluded that “the inciease then 
IS very likely more apparent than leal,” and Frissell and Knox ^ concurred 
m this belief, stating that “ it would seem probable that 

the increase in the incidence of bionchial carcinoma in the last two 
decades is apparent rather than leal ” On the other hand, Hill,° after a 
survey of the relevant factors, declared that “a real increase in the 
incidence has occurred,” and more recently Matz ® indicated his opinion 
that “the increased incidence of bronchiogenic carcinoma is absolute ” 

The problem at first glance may appear to be only of academic 
importance Its resolution, however, has broad implications If, as 
some believe, the increase in the number of pulmonary cancers is merely 
an expression of the aging of a population subjected to improved diag- 
nostic facilities and sharper clinical acumen, little can be done by way 
of piophylaxis On the other hand, if the mciease is gi eater than can be 
expected on the basis of inci easing numbers of persons in the oldei age 
groups, greater even than can be asciibed to more accurate diagnostic 
methods, attention can be directed to the elucidation and perhaps ulti- 
mate elimination of the lesponsible factor or factors It is the puipose 

From the Department of Pathology, Yale University School of Medicine, New 
Haven, Conn , and the Laboratories of the New Britain General Hospital, New 
Britain, Conn 

1 Rosahn, P D Am J M Sc 179 803, 1930 
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of this papei to piesent new data on the subject together with a critical 
analysis of the leasons geneially advanced foi accepting the view that 
the increase in the incidence of caicinoma of the lung is only apparent 
Peitinent data of coi relative interest are also presented 

material and methods 

The first autopsy in the current senes at the Yale University School of Medicine 
was performed on Sept 22, 1917 From this dale to Dec 31, 1937 a total of 4,156 
persons were examined post mortem The cranial cavity onl> was examined in 
42 of these, and, of the remaining 4,114, 1,887 were males over 20 years of age 
and 1,081 were females over 20 The latter two groups, totaling 2,968 persons, 
form the basis of the present report In the discussion, the period from Sept 22, 
1917 to Dec 31, 1927 has been termed the first decade, and the period from Jan 1, 
1928 to Dec 31, 1937 has been called the second decade 

The age and sex of every person with carcinoma coming to autopsy, together 
with the primary site, were recorded In the vast majority of these persons the 
neoplasm was the primary cause of death, but in a small number carcinoma was 
an incidental finding at autopsy Statistical constants were then determined for 
each organ or system involved, and the annual and decennial incidence calculated 
For comparative purposes the age and the sex distribution of all persons in tlie 
entile autopsy series aged 20 years or older were also tabulated and statistical 
constants calculated For this puipose the punched card sjstcm described else- 
where proved of inestimable assistance 

The statistical methods employed were those whicli are in common use, and 
the texts of Fisher s and Snedecor » were freely consulted When the probability 
of an event occurring bv chance alone was 5 or less than 5 in 100 trials (P iSOOS) 
the occurrence of the event was said to be significant If the event could occur 
by chance once or less than 1 in 100 trials (Pi^OOl), the event was said to be 
highly significant This is in accordance with Snedecor’s termmologj’^ 

A new concept in tune trend regression equations is here introduced The 
accepted method of analyzing a trend in time involves the use of equal intervals 
of time as the independent variable As applied to the question under discussion, 
the incidence of primaiy carcinoma of the lung, the orthodox procedure would be 
to plot the proportion of primary pulmonary cancers to all cancers occurring m 
succeeding equal time intervals An error is thus introduced, its magnitude depend- 
ing on the size of the sample For it is self evident that 2 cases of tumor of the 
lung among 20 instances of carcinoma are of less significance than 6 cases among 
60 instances of carcinoma, although the resulting percentages are the same in 
each instance When the total number of tumors per successive unit of time 
varies, the error of the ratio between one type of tumor and all types fluctuates 
correspondingly Moreover, successive determinations in the problem at hand need 
not necessarily be made on the basis of equal time intervals What interests the 
observer in this connection is whether one type of tumor is changing in frequency 
over a given period of time The broad vista of this period concerns him, and 
not the equality of the successive intervals composing it 

7 Rosahn, P D J Tech Methods 18 32, 1938 

8 Fisher, R A Statistical Methods for Research Workers, ed 5, London, 
Oliver & Boyd, 1934 

9 Snedecor, G W Calculation and Interpretation of Analysis of Variance 
and Covariance, Ames, Iowa, Collegiate Press, Inc , 1934 
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In considering this problem it appeared reasonable to relate the incidence of 
carcinoma of any organ to successive equal numbers of all cancers without regard 
to the time period during which these equal numbers of cancers were observed 
This procedure would thus eliminate the variable error resulting from the occur- 
rence of different numbers of tumors in successive equal intervals of time Follow- 
ing this reasoning, all carcinomas were numbered in sequence as they were found 
111 the autopsy protocols, and the regional distribution of the carcinomas com- 
prising the first, second, third and fourth hundred carcinomas was then determined 
Thus the error of a proportion was eliminated, and yet the use of one hundred 
as a measuring rod proved to be of great convenience, since it permitted a direct 
translation from the absolute number of carcinomas of any one region per hundred 
of all carcinomas into the corresponding relative percentage 

RESULTS 

A total of 435 carcinomas occurring m 425 different persons was 
observed in the senes of 4,114 autopsies The regional distribution of 

Table 1 — Regional DtsinbuUon of Caicinomas Observed in Yale Univeisity 

Autopsy Senes, 1917-1937 


1917 1937 1917 1927 1928 1937 

^ — JL _ ■ - _ JL _ 

r ^ » V r I , 

Organ Involved Number Percentage Number Percentage Number Percentage 


Large intestine 

71 

16 3 

21 

15 4 

50 

16 7 

Stomach 

58 

13 8 

27 

19 9 

31 

10 4 

Lung 

43 

99 

10 

74 

33 

110 

Prostate 

32 

74 

5 

37 

27 

90 

Uterus 

29 

67 

13 

96 

16 

54 

Esophagus 

27 

62 

8 

5 9 

19 

64 

Breast 

2G 

60 

S 

59 

18 

60 

Liver and bile ducts 

26 

60 

12 

88 

14 

47 

411 others 

123 

283 

32 

23 5 

91 

30 4 

Total 

435 

1001 

136 

1001 

299 

100 0 


these neoplasms for each ten years and foi the entire twenty year period 
IS shown in table 1 During the interval from 1917 to 1927 there were 
10 primary pulmonary tumors, or 7 35 per cent of the 136 carcinomas 
encountered This compaies with 33 primary pulmonary cancers seen 
m the period fiom 1928 to 1937, or 11 04 per cent of the 299 cancers 
observed It is of interest to note that the relation of pulmonaiy cancers 
to all cancers during the period 1917 to 1927 m this report is similar 
to the findings ^ at the Boston City Hospital during the nearly com- 
parable period from 1920 to 1928 7 35 per cent in the first instance 

and 7 23 per cent m the second Both of these values correspond closely 
to the 6 98 per cent incidence of primary carcinoma of the lung among 
all carcinomas found m a review ^ of the world literature for the period 
from 1920 to 1928 

The table indicates that during the period from 1917 to 1927 car- 
cinoma of the lung was the fifth most frequent tumor, being exceeded 
in frequency by carcinoma of tlie stomach large bow el, uterus and liver 
and bile ducts, m this order In the follownng decade carcinoma of the 
stomach fell to third position, and caicmoma of the lung rose to second 
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place, being exceeded in fiequency onl} by malignant tumors of the laige 
bowel It will be seen that with the exception of piostatic caicinoina, 
caicinoma of the lung was the only neoplasm the incidence of which 
inci eased appieciably during the second of the two ten year peiiods 
under consideiation As will be showm m a subsequent table, the 
mciease m the incidence of prostalic caicinoma was ^aiiablc, and the 
tiend line for this tumoi show^cd no significant deviation fiom zero 
Table 2 gives the legional distiibution of the neoplasms comprising 
the first, second, thud and fouilh luindicd caicmomas The fiist 
lifhidied carcinomas weie obsci\ed dining the ten lear peiiod from 
October 1917 to Septembei 1926, the second bundled m the thiee and 
a half year peiiod ending Matcli 1930, the thud hundied during the 
neaily foui yeai peiiod ending Januarj^ 1934 and the fourth hundred 


Table 2 — Regional Dish ibiiiton of Fust to Fouitli Hiindtcd Caicmomas 


Site 

-j 


Rectum Li\cr 

and and 


Carci 

nomas 

Period of 
Observation 

Sle- 

Stomach mold 

Lune 

Pros 

tate 

Uterus 

Bile 

Ducts 

Esopli 

agus 

All 

Others 

Total 

1 100 

October 1917 
September 102G 

21 

7 

7 

4 

9 

C 

7 

39 

100 

101 2C0 

September 102G 
March 1930 

12 

10 

10 

10 

C 

9 

C 

37 

100 

201 300 

March 1930 
January 1934 

14 

14 

11 

S 

4 

7 

1 

41 

100 

301 400 

January 1934 
Docomber 193G 

9 

11 

13 

9 

0 

4 

S 

37 

100 

1 4C0 

October 1917 
December 193G 

oC 

42 

41 

31 

2S 

20 

22 

1G4 

400 


duiing the following twm year inten^al ending Decembei 1936 Thirti- 
five additional carcinomas noted betw’^een Dec 15, 1936 and Dec 31 
1937 are not included in this table because they did not fit convenient!}’’ 
into the “one hundied carcinoma” grouping follow’^ed The. variability 
of the time inteivals during which successive hundred carcinomas W'^ere 
seen is largely a reflection of the increasing annual number of autopsies 
perfonned Only 7 peisons with primary caicinoma of the lung w^ere 
encountered in the period fiom 1917 to 1926, dining which the first 
hundred carcinomas were encounteied at autopsies The numbei 
progressively increased to 13 in the interval from 1934 to 1936, when 
the fourth hundred carcinomas weie obseived In the last period 
primary carcinoma of the lung w^as the most frequent of all tumoi s 
The increasing incidence is shown graphically in the chart, wdnch foi 
comparative purposes shows the trends of carcinoma of the prostate 
and rectum during comparable periods 

The trend line for the frequency of carcinoma of the lung in each 
of the four successive hundred carcinomas is represented by the regres- 
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Sion equation Y' = 5 5 + 1 9X, with Stt being equal to 0 6, and t, to 
5 51 The coefficient of correlation (r) between the numbei of primar}’’ 
pulmonary caicinomas and the succeeding hundred carcinomas was 
+ 0 9744 The foregoing values of t and of r are both within the lange 
of significance Such a trend as that described would be expected to 
occur by chance alone less than four times in a bundled similar series 
The significance of the increasing incidence of primaiy cancer of the 
lung is further enhanced by the demonstration that it alone of all tumors 
had a significant positive trend Regression equations prepared in the 
same manner for the incidence of carcinoma of the stomach, liver and 



HUNDRED CARCINOMAS 

Frequency of carcinoma of the lung, rectum and prostate, respectively, m the 
first to fourth hundred carcinomas m the Yale autopsy senes 

bile ducts, prostate, intestine, female genitalia, esophagus and rectum, 
respectively, all showed no significant deviation from the horizontal 

ANALYSIS OF CERTAIN FACTORS OFTEN CITED AS EVIDENCE THAT 
CANCER OF THE LUNG HAS SHOWN ONLY A RELATIVE INCREASE 

The arguments in favor of the belief that the generally reported 
increase m the incidence of pnmaiy caicinoma of the lung is relative 
and not absolute have been summarized best by Fried 

The author is of the opinion that the more frequent occurrence of this disease 
m recent years, as compared to the older findings, can be e>.plained on the basis 
of the following factors (1) Improved clinical and pathological methods of 
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diagnosis, (2) Increased attention to this malady (as Goethe has expressed it, 
“Man sieht nur was man weiss”) , (3) Inciease in span of human life (a much 
gi eater proportion of people reach the “cancer age”) 

Frisell and Knox have added a fourth reason, also suggested by 
Filed 

Since external and readily diagnosed cancer has not increased, it would seem 
probable that, in spite of the evidence of the post-mortem figures, especially in 
German}’', the increase in the incidence of bronchial carcinoma in the last two 
decades is apparent rather than real 

Each of these factois Mill be discussed, the material here presented 
being used as a backgiotind 

1 hnpiovcci Climcal and Pathologic Methods oj Diagnosis — There 
is no doubt that the past decade has seen marked technical advances in 
diagnostic facilities and that the clinical diagnosis of carcinoma of the 
lung has been made more frequently than previously The use of 
iodized poppyseed oil m conjunction with roentgenographic woik, the 
greater knowledge of bronchoscopy and wider emplo\ment of the 
bronchoscope together with the thoracoscope and lung puncture have 
all added to the frequency of the antemortem diagnosis of carcinoma 
of the lung The records of the New Haven Hospital have recently 
been reviewed b) Kober,^° }vho found 26 cases m wduch primary cancer 
of the lung had been demonstrated by biopsy without autopsy The first 
tumor in this series was diagnosed m 1921 Half of the 26 tumors were 
diagnosed ante mortem during the fouiteen yeai period from 1921 to 
1935, while the lemaining half were diagnosed during the tn o years 1936 
and 1937 It should be emphasized that none of these 26 tumors are 
included in the present report, which is based solely on autopsy material 
The increase in the number of pulmonary cancers diagnosed ante 
mortem enhances the value of the statistically significant increase in the 
postmortem incidence Moreover, this postmortem increase, credited 
by some to be predominantly German, has also been widely recognized 
in this country 

Changes have also occurred in the histologic classification of primary 
pulmonary tumors As Frissell and Knox ^ stated 

First, many tumors classified as sarcomata by pathologists of the last century 
are now included as epithelial tumors of the so-called oat-cell variety Secondly, 
carcinoma of the lung, when found, was usually considered metastatic, 

Third, the widespread interest of pathologists in this subject, particularly in the 
last decade, has led to the discovery of a considerable number of small pulmonary 
neoplasms with large metastases , such metastases earlier observers undoubtedly 
regarded as the primary lesion 

10 Kober, W M Primary Carcinoma of the Lung, Thesis, Yale University 
School of Aledicme, 1938 
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My co-workers and I have reviewed our cases with these three points 
in mind In only 2 instances was the onginal anatomic diagnosis alteied 
after restudy of the slides The autopsy in the first of these cases 
(A 1443) was done in 1927, and the tumor was originally called a 
“malignant mediastinal neoplasm This on i eexamination was found 
to be a typical bronchiogemc carcinoma of the oat cell variety In the 
second instance (A 1705) the autopsy was made m 1928, and at that 
time the tumor was classified as a “squamous cell carcinoma involving 
pericardium, pleura and thoracic wall ” On restudy this was included 
as a squamous cell carcinoma of the lung Both of these tumors were 
in the second hundred carcinomas Had the original diagnoses been 
accepted and had the tumors as a result been excluded from the series, 
the resulting regression equation would have had greater significance, 
t in this case being equal to 6 05 (P = 003 — ) Even though these 

2 tumors were included, however, the calculated regression equation 
retained a significant positive deviation from zero In this connection 
it should be stated that all mediastinal tumors occurring in the period 
under discussion were reviewed, and the aforementioned one (A 1443) 
was the only tumor reclassified as a primary carcinoma of the lung In 
none of the other cases mentioned, with the exception of A 1705, was 
there any doubt that the lung was the primary site of the neoplasm 
2 Ina eased Attention to This Malady — This statement appeared in 
1931 to explain the increasing incidence of primary pulmonary tumors 
noted up to that time There can be little doubt that a certain number 
of tumors diagnosed carcinoma of the lung m the past twenty years 
would previously have been assigned to some other diagnostic category 
not only by the clinician but by the pathologist also But to explain the 
statistically significant increase in the number of pulmonary cancers in 
our autopsy material of the past twenty years on the basis of increased 
attention to this malady presupposes a constantly increasing awareness 
of this condition on the part of both clinician and pathologist from 1917 
to 1931 and thereafter to the present The curve of attention to car- 
cinoma of the lung would thus have to show a positive linear trend 
paralleling the increasing incidence of pulmonary tumors It would be 
necessary to assume also that in the years under discussion the attention 
to and interest in tumors of other organs were maintained at a constant 
level Neither of these hypotheses is susceptible of proof, and they do 
not appear plausible Since the number of publications on a subject 
is an excellent indication of the general interest in that subject, the 
Index Mediais for the past twenty years was examined The number 
of published reports on \arious aspects of carcinoma has increased 
tremendousl> during this period, but what is of more importance m the 
present connection is the fact that carcinoma of practically every organ. 
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and not of the lung alone, is lepiesented In an inci eased number of 
publications 

In this connection, it has been said that because patients with car- 
cinoma of the lung piesent pecubai diagnostic difficulties, intensive 
effoits are expended to secuie consent foi neciopsv in such cases As a 
lesult, it is claimed, a gieatei proportion of peisons uitb tumor of the 
lung come to autopsy than nould otheiwise be the case, accounting in 
pait for the recoided increase in the incidence of this neoplasm Hoi\- 
ever, the difficulties involved in the diagnosis of carcinoma of the lung 
are probably no greater than those accompanying the diagnosis of a 
suspected neoplasm of any other viscei al organ The S} mptom complex 
of carcinoma of the lung is peihaps no more bizarre and no more 
challenging from a diagnostic point of Mew than a malignant tumoi of 
the livei and bile ducts Neveitheless, tumoi s of the lattei system in the 
reported senes did not inciease in numbei dining the same period ivhen 

Table 3 — Mean Age of Pet sons Over Twenty Yeats of Age m Yale Umvctstlv 

Autopsy Senes, 1917-1937 


Total Senes Women *• Men t 

» . » <_ 


Period 

Number 

Menn Age, 
Yr 

Number 

Jlenn \gt, 

\t 

Number 

Jlenn Age, 

\i 

IDir 1027 

940 

499±059 

039 

30 1 ± 0 97 

5S7 

49 7 ± 0 03 

1928 1937 

2,004 

53 5 -4- 0 37 

719 

53 4 ± 0 02 


53 3 ± 0 40 

Total 

2,950 

32 3 ±0 32 

1,078 

62 3 ± 0 '-0 

1,872 

523±038 


* Three vomen of “unLnon-n age” ■were c\cludcd 
t Vifteen men of “unknown age” uerc excluded 

an increase in the incidence of carcinoma of the lung occurred Were 
the increase in pulmonary tumoi s at autops} dependent on the zeal of 
the hospital staff in obtaining permission for necropsy because of diffi- 
culties in diagnosis, it appears that a similai mciease in tumors of the 
liver and bile ducts should also have been observed 

3 Inc) ease m the Span of Human Life — An analysis of the ages of 
persons over 20 who have come to autops}'^ leveals an increase m the 
mean age of both males and females in the peiiod from 1928 to 1937 
as contrasted with the period from 1917 to 1927 This is shown in 
table 3 It will be recalled that the first hundi ed cai cinomas were noted 
during the period from 1917 to 1926, ivhich neaily coincides with the 
firs^ decade of this review The mean age of men increased from 
49 7 ± 0 65 years in the first of these tw o decades to the significantly 
higher level of 53 5 ± 0 46 years in the second decade At the same time 
the mean age of women showed a significant inci ease from 50 1 ±0 97 
years to 53 4 ± 0 62 years Men and women had the same mean age 
m the period from 1917 to 1927, and again the same mean age, but at a 
higher level, m the period from 1928 to 1937 
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The “increase in the span of human life” is thus reflected in our own 
autopsy experience Nevertheless, the incidence of carcinoma when 
standardized for age and sex failed to reveal any increase Tables 4 
and 5 illustrate this finding Of interest is the fact that the incidence 
of carcinoma in each age group and in both sexes was generally higher 
in the period from 1917 to 1927 than m the period from 1928 to 1937 
The outstanding exceptions occurred among women aged 70 and over, 


Table 4 — Incidence of Caicinonia Among Women Ovei Tzvcnty Yeais of Age 




1917 1937 



1917-1927 



1928-1937 







« 



1 



r 

Xo with 


/ 

No with 



No Bith 



Num 

Carol 

Per 

Num 

Carci 

Per 

Num 

Carci 

Per- 

Age 

ber 

noma 

eentage 

her 

noma 

eentage 

her 

noma 

eentage 

20 20 

148 

2 

1 4 

67 

0 

0 

81 

2 

25 

BO-SO 

184 

15 

82 

55 

6 

10 9 

129 

9 

70 

40 49 

193 

26 

13 5 

62 

9 

14 5 

131 

17 

13 0 

50 59 

217 

43 

19 8 

56 

IS 

321 

161 

25 

15 6 

CO 69 

183 

37 

20 2 

61 

16 

26 2 

122 

21 

17 2 

70 plus 

153 

30 

19 6 

58 

10 

17 2 

95 

20 

211 

DuLnown 

3 

0 

0 

2 

0 

0 

1 

0 

0 

Total 

1,081* 

153 

14 2 

361 

59 

12 4 

720 

94 

131 

* One Boman under 20 iMth carcinoma 

was excluded from this analysis 




Table 5 

— Incidence of Caianoma 

Among Men Ovei Tzvcnty 

Ycais of Age 



1917 1937 



1917 1927 



1928 1937 







A 






r"- 


\ t 








No with 



No with 



No Mith 



Num 

Carci 

Per 

Num 

Carci 

Per 

Num 

Carci 

Per 

Age 

ber 

noma 

eentage 

ber 

noma 

eentage 

ber 

noma 

eentage 

20 29 

189 

1 

05 

69 

0 

0 

120 

1 

08 

30 39 

228 

10 

4 4 

103 

8 

77 

125 

2 

16 

40-49 

419 

45 

10 7 

139 

15 

10 8 

280 

30 

10 7 

50 59 

413 

81 

19 6 

117 

25 

214 

296 

56 

19 0 

60 69 

372 

74 

19 9 

100 

15 

15 0 

272 

59 

21 7 

70 plus 

251 

59 

23 5 

59 

10 

16 9 

192 

49 

25 5 

Unknown 

15 

1 

67 

8 

1 

12 5 

r 

0 

0 

Total 

1,887 

271 

14 4 

595 

74 

12 4 

1 292 

197 

15 2 


and among men aged 60 and over , in these age groups the incidence of 
cancer was greater m the period from 1928 to 1937 than in the previous 
ten year expenence The combined values for the incidence of car- 
cinoma m persons coming to autopsy, however, revealed no significant 
difference between the sex groups or between the two ten year peiiods 
of the survey The incidence of carcinoma among persons ovei 20 years 
of age was 14 3 per cent, time and sex having exerted no significant 
influence on this value 

The material has been subjected to a further analysis with a new to 
ascertaining vhat effect, if anv, the increased span of life had on the 
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age of persons with caicmoma at autopsy Table 6 shows the mean age 
of men and of women with caicmoma in the two ten yeai peiiods of 
the leview^ The mean age of men foi the twenty }eai peiiod was 
60 48 ± 0 69 yeais, wduch is significantly higher than the comparable 
age, 57 47 ± 1 10 yeais, foi w omen (D == 3 01 ± 1 29 , T — 2 34 , P = 
0 02 — ) The age of men dying with carcinoma m the period from 
1917 to 1927, the age of w'omen dying m the same peiiod and the age 
of wmmen dying in the peiiod from 1928 to 1937 did not difTei signifi- 


Table 6 — Mean Age of Pci sous ztnth Caicmoma Coiitmg to Autopsy m the 

Peiiod flout 1917 to 1937 




Total 


W omen 


Men 

A 

Period 

r 

Number 

' ■ \ 

Mean \pc, Yr 

Number 

Mean Ape, Yr 

1 

Number 

Mean Ape, Yr 

1917 1927 

132 

50 S 0 8'> 

59 

57 9 -t- 1 20 

73 • 

GO 0 ± 1 41 

1928 1937 

292 

00 3 -4- 0 70 

9') 

-.7 2-4-1 48 

197 

01^ ± 0 85 

1917 1937 

424 

59 2 -f- 0 GO 

154 

->7 5-4- 1 10 

270 

CO5±0G9 


* One man of “unknown age” was excluded 


cantly, but all three of these values w'ere significantly low'er than the 
mean age of men dying wuth caicmoma in the peiiod from 1928 to 1937 
This difference is piincipally the result of the unusually high age at death 
of the group with piostatic carcinoma, 27 of the 32 prostatic carcinomas 
having been observed in the period from 1928 to 1937 If men wnth 
caicmoma of the prostate aie excluded in calculating the mean age of 
the male group, the age at death of both men and w omen in each of the 
two decades shows no significant deviation from the grand mean of 
58 4 years 


Table 7 — Mean Age at Death of Pei sons zuith Caicmoma at Various Major Sites 


Site 

Number 

Mean Ape Y'r 

Prostate 

32 

71 5 ± 1 90 

Elver and bile ducts 

20 

C2 7 ± 2 19 

Esophagus 

27 

61 1 ± 1 03 

Bectum and sigmoid 

52 

57 8 ± 1 55 

Stomach 

5S 

57 7 ± 1 41 

Lung 

43 

55 0 1 5S 

Uterus 

29 

52 2 ± 1 99 


The high age of the prostatic carcinoma gioup is shown in table 7, 
which gives the mean age at death of persons wath carcinoma at various 
major sites With the exception of the uterine carcinoma group, the 
pulmonary cancer group has the lowest mean age (54 95 ± 1 58 years) 
This w^as significantly lower than the mean ages of the groups with 
carcinoma of the prostate, liver and bile ducts, and esophagus, respec- 
tively, but did not differ significantly fiom the mean ages of the groups 
dying with cancer of the stomach, rectum and uterus, resnectivelv 
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The analysis up to this point has levealed that there was a shift to a 
higher level in the age at death of the general autopsy population in the 
period from 1928 to 1937 and that both males and females participated 
in this shift There was no resultant difference in the incidence of 
carcinoma m either sex, and further, with carcinoma of the prostate 
excluded, the age at death of persons with carcinoma was essentially 
the same for both sexes and foi each decade of the survey If it can be 
shown that the frequency of caicmoma of the lung increases with 
increasing age, the demonstiated rise in the incidence of this neoplasm 
in the present suivey might be explained on the basis of the general 
shift in age of the autopsy population to a higher level That this shift 
to a higher age level during the second decennial of this survey did not 

Table 8 — Incidence of Caicmoma of the Lung Among Men — Obseived and 

Expected Values 



1917-1937 

t 

1917 1927 

k 

1923 1937 

A. 

r 

Number 

with 

Oarci 

noma 

of Per- 

Number with 
Carcinoma of 

Lung 

\ 

Number with 
Carcinoma of 
Lung 

A 


' Ob Ex ' 

Ob E\ 


Age 

Men 

Lung 

centage 

Men 

served 

pected 

Men 

served 

pected 

20 29 

189 

0 

0 

09 

0 

0 

120 

0 

0 

30 39 

228 

2 

088 

103 

1 

09 

121 

1 

1 1 

40-49 

419 

10 

2 39 

139 

2 

33 

280 

8 

07 

50-59 

413 

14 

3 39 

117 

4 

40 

296 

10 

10 0 

C0-G9 

372 

9 

2 42 

100 

1 

24 

272 

8 

60 

70 79 

193 

3 

1 20 

42 

0 

07 

151 

3 

23 

80-89 

51 

0 

0 

13 

0 

0 

38 

0 

0 

90 99 

7 

0 

0 

4 

0 

0 

3 

0 

0 

Unknown 

15 

0 

0 

8 

0 

0 

7 

0 

0 

Total 

1,887 

38 

2 01 

595 

8 

113 

1,292 

30 

26 7 


account for the observed increase in the frequency of pulmonary cancers 
is demonstrated in table 8, which is based on the age distribution of 
38 pulmonary carcinomas among men (5 among women are excluded) 
related to the male autopsy population in each age group It wall be 
noted that the incidence of carcinoma of the lung rose gradually to its 
highest value of 3 39 per cent m men 50 to 59 years of age and then fell 
to 1 20 per cent in men aged 70 to 79 , no pulmonary carcinomas were 
observed in 58 men older than 79 years From these values obtained 
from the entiie twenty year period of the survey, the number of pul- 
monary cancers m men was estimated for the period from 1917 to 1927 
and for that from 1928 to 1937 The estimated values did not differ 
significantly from the obseived numbers 

In this connection it is of interest to note a somewhat different 
finding as regards carcinoma of the prostate (table 9) Here the 
precipitous increase m incidence beginning at the age of 80 to 89 is 
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striking Piostatic carcinoma was noted in 9 of the 58 men ovei 
79 yeais, m contrast to cancer of the lung, which did not occur m any 
of the men compnsmg this age gioup This finding confirms the obser- 
vations of Rich and of Moore,’- uho noted an inci easing incidence 
of prostatic caicmoma with increasing age It is conceivable, therefore, 
that a furthei increase in life span might lesult m a future marked 
increase in piostatic malignant tumors With regard to the present 
survey, however, it is appaient that the increased incidence of pulmonary 
carcinoma was not influenced by the demonstrated inci eased span of life 
4 No Compm able hiaease tn Tnmois of the Skin — Frissell and 
Knox stated that “since external and leadily diagnosed cancer has not 
increased, it would seem i^iohable that the increase in the 


Table 9 — Incidence of Carcincnia of Ptosiatc — Observed and Expected Valuer 
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20 29 

189 

0 

0 

09 
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0 

120 

0 
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30 39 

228 

0 

0 

103 

0 

0 

12o 
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0 
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1 

07 
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1 

08 

290 

2 

21 

00 09 
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1 
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11 

88 

70 79 
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7 

3 63 

42 

1 

1 "> 

151 

0 

5 5 

80 89 

51 

7 

13 73 

13 

1 

IS 

38 

0 

52 

90-99 

7 

2 

28 57 

4 

1 

1 1 

3 

1 

09 

UnKnonn 

15 

0 

0 

8 

0 

0 

7 

0 

0 

Total 

1,887 

32 

1 7 

5^5 

5 

87 

1,292 

27 

23 2 


incidence of bronchial caicmoma in the last two decades is apparent 
rather than real” This point has also been made by Fiied “It is 
lemaikable that parallel investigations on the incidence of external 
cancers show no increase ” The statement that an increase m 
tumors of the skin has not occurred is not indisputable Mackee and 
Cipollaro reported that, “of 76,274 deaths caused by malignant neo- 
plasms in the registration area of the United States in 1921. 2,610 (3 42 
per cent) weie due to cancer of the mouth Malignancy of 

the skin was given as the cause of death in 2,433 cases (3 19 per cent) 
In 1934 the con espon ding figuies weie 134,428 cancer deaths, 5,009 
due to cancers of the mouth and 3,315 due to cancers of the 

11 Rich, A R J Urol 33 215, 1935 

12 Moore, R A J Urol 33 224, 1935 

13 Mackee, G M , and Cipollaro, A C Cutaneous Cancer and Precancer, 
New York, American Journal of Cancer, 1937 



ROSAHN— PRIMARY LUNG CARCINOlMA 


661 


skin Thus during a period of thirteen years death from cancer of the 
buccal cavity and skin shoved an increase of 3,280” However, even if 
there were convincing evidence that the incidence of cutaneous tumors 
has not increased, there is no logical reason for assuming a correspond- 
ing constancy in the incidence of malignant growths of any of the visceral 
organs In the opinion of Peller,^^ an inverse relationship exists 
between cancer of the skin and lip and cancer of other sites This, 
however, has been seriously questioned m a recent report by Conrad 
and Hill,^° who found on the aveiage a slight direct association, occupa- 
tional groups with a relatively high rate of cancer of the skin and hp 
tending to show also an excess of cancers of other sites In any event, 
there is no available evidence to indicate a significant relationship 
between cancer of the skin and hp and caicinoma of the lung 

To what extent are conclusions drawn from the numbers of persons 
coming to autopsy applicable to the general population^ This question 
cannot be answered categorically Although autopsy experience is based 
on a relatively small propoition of the general population, pathologic 
diagnoses are admittedly more accurate than clinical ones Whether oi 
not in the problem at hand accuracy m diagnosis is sufficient to com- 
pensate for deficiency m size of sample is not known Certain evidence 
bearing on this problem is, however, worthy of mention 

Hirsche^® studied 1,700 death certificates representing the total 
mortality fiom cancer m resident and nonresident citizens of New 
Haven duimg the seven year period from 1925 to 1931 It was 
observed that 803, or 47 per cent, of the deaths occurred in the three 
main hospitals of New Haven, and that 237, oi 14 pei cent, of the 
deaths took place m the New Haven Hospital Thus 1 of every 7 
pel sons whose death certificates boie a diagnosis of cancel m the peiiod 
of Hiische’s review, died in this hospital Although the numbei of 
necropsies performed on this group is not known, the size of the sample 
IS sufficiently laige to permit tentative conclusions concerning the 
population from which the sample was deiived 

A second study by Hirsche^" indicates the inaccuracies of cancer 
death certificates, both as to content and as to total number of deaths 
fiom cancer This investigator examined the death certificates and 
clinical diagnoses of 217 peisons dying of malignant disease and exam- 
ined post mortem m the department of pathologs'^ at Yale Univeisit} 

14 Peller, S Lancet 2 552, 1936 

15 Conrad, K K , and Hill, A B Am J Cancer 36 83, 1939 

16 Hirsche, H F A Study of Cancer Deaths, in The Cancer Problem in 
New Ha\en Report of the Cancer Committee of New Haven 1935, appendix C 

17 Hirsche, H F A Compaiatne Stud} of Post Mortem Diagnoses, in The 
Cancel Problem in New HaAcn Report of the Cancer Committee of New Ha\en, 
1935, appendix B 
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School of Medicine between Jan 1, 1925 and Dec 12, 1933 The diag 
nosis given in the death ceitificate tallied with the cause of death as 
determined at neciopsy in 157, or 72 pei cent, of these cases In 25 
instances, oi 12 per cent, of the total, no mention of a malignant tumor 
was made on the death certificate, and m 35 cases, or 16 per cent, the 
piimary site of the malignant giowth as lecoided on the death ceitificate 
did not correspond with that observed at necropsy It should be empha- 
sized that these discrepancies occuried on certificates which should have 
been collect m every instance 

The greatest errois occurred among cases of primary pulmonary 
tumor Nineteen such cases were included in the surve3% and in 11, or 
more than half, the clinical diagnosis was inconect Tuberculosis w'as 
clinically diagnosed m 3, and each of the following diagnoses w'as made 
m 1 instance carcinoma of the esophagus, caicmoma of the stomach. 


Table 10 — Companson oi Caiico Moilalily m Pci sons Ticaitv Years of Age and 
Oldei in the State of Connecticut and tn the Scites Coming to Autopsy 
at Yale Univcrsitv m the Ptnod fioni 191S to 19^7 




State of Connecticut 

Tale Vutopsics 

191S 1927 

Deaths in gonernl * 

139 49C 

950 


Deaths from cancer 

ll.CCS 

133 


Percentage 

10 31 

13 91 

192' 1937 

Deaths in general * 

149 3'S 

2,012 


Deaths from cancer 

20,293 

291 


Percentage 

13 "S 

14 4C 


* Deaths of persons o^er 20 years of age 


pleurisy, hypei nephroma, neoplasm in centrum ovale, lymphosarcoma 
and heart disease , m 1 instance the condition w'as not determined The 
death certificate in 8 of these 19 cases w'as incorrect The highest 
correlation between clinical diagnoses and observations at necrops)'' w'as 
found in the cases of gastric carcinoma An inconect clinical diagnosis 
had been made in only 2 of 32 such cases, w'hile in 5 the death certificate 
was m error 

On the basis of the foregoing studies it appears, first, that approxi- 
mately 1 of 7 local patients whose death ceitificates bear a diagnosis of 
malignant tumor died at the New Haven Hospital, and, second, that 
gross inaccuracies occur in both clinical diagnoses and death ceitificates, 
carcinoma of the lung being the most frequently misdiagnosed malignant 
tumor Since the data on the mortality from cancer aie charactei ized 
by eriors both of omission and of commission, as indicated by the death 
certificates, it is of interest to compare the cancel death lates in the two 
decennials of the present survey with the corresponding A^alues for the 
state of Connecticut, these rates being based on the total numbeis of 
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persons ovei 20 years of age Table 10 indicates a mortality of 13 91 
per cent from cancer in the reported material m the years 1917 to 1927 
as compared with a mortality of 10 51 per cent m the entire state The 
next decennial, 1928 to 1937, showed an increase in both series, the value 
in our own survey being 14 46 per cent, and that in the state, 13 58 pei 
cent If due allowance is made for the greater accuracy of the data 
recorded from autopsies over those in death certificates, as indicated by 
Hirsche’s study, the discrepancy between the cancer mortality in our 
autopsy population and that in the state at large would be i educed 
considerably 

In 1920, following an extensive experience with the pathologic 
aspects of influenza, Wmtermtz, Wason and McNamara stated that 
“an increase in primary carcinoma [of the lung] would probably occur 
later” because of “metaplasia of the bronchial epithelium causing a pro- 
liferation of the young cells ” The great majority of studies since then 
have demonstrated the prophesied increase, and although influenza has 
not been proved definitely to be the factor involved, it nevertheless plays 
an important role in all discussions of the causes The present report 
has analyzed certain factors which have frequently been cited to sub- 
stantiate the belief that this inci ease is only relative These factoi s have 
been shown to have exerted little or no influence on the statistically 
significant increase in primary carcinoma of the lung found at autopsy 
m the New Haven Hospital, and it is concluded that the observed 
increase is real and absolute Indiiect evidence appears to justify the 
additional conclusion that the real increase in primary carcinoma of the 
lung observed in our autopsy mateiial is characteristic also of the popula- 
tion at large 

SUMMARY 

The 4,156 autopsies perfoinied at Yale University School of Medi- 
cine between Sept 22, 1917 and Dec 31, 1937 have been reviewed with 
a vie\\ to detei mining the incidence of caicinoma m general and of car- 
cinoma of the lung m particulai The ratio of pulmonary carcinomas 
to all carcinomas increased from 7 4 per cent during the decade from 
1917 to 1927 to 11 0 per cent during that fiom 1928 to 1937 

A method for the calculation of regiession equations employing equal 
numbers of caicinomas as the independent variable instead of equal 
inteivals of time is here introduced The regression equation foi car- 
cinoma of the lung calculated on this basis shoved a significant positive 
deviation from zero during the period under review None of the 

18 Wmtermtz, M C , Wason, I il , and McNamara, F O The Pathology 
of Influenza, New Haven, Conn, Yale Unnersity Press, 1920 
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1 egression equations calculated in a snnilai manner foi carcinoma of the 
stomach, liver and bile ducts, pi estate, intestine, female genitalia, 
esophagus and rectum showed a significant deviation fiom the horizontal 

The factors which might have been lesponsible for the observed 
increase in the incidence of piimai}' caicinoma of the lung were analyzed 
It was found that the geneial autopsy population of peisons over 20 
shifted to a highei age level during the peiiod from 1928 to 1937 as 
compared with the previous decade This shift, how ever, did not 
account for the obsened increase m the incidence of piimar} pulmonary 
tumoi s 

It was concluded that the increase in pulmonai} cancels observed in 
our autops}'^ material w^as a leal and absolute mciease Indirect evidence 
appealed to indicate that this conclusion was also applicable to the 
geneial population 



DISSECTING ANEURYSM OF THE AORTA IN 
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There is a growing interest m the study of dissecting aneurysm of 
the aorta This has been stimulated mainly by the successful crystalliza- 
tion of knowledge of the clinical features of the disease The condition is 
being more frequently recognized at the bedside rather than at the autopsy 
table The incidence of the condition appeals to be inci easing Thus m 
a group of 3,206 necropsies m the Boston City Hospital during the 
years from 1927 to 1933, inclusive, dissecting aneurysms weie found m 
1 case out of 320,^ while m a group of 2,202 necropsies fiom 1935 to 
1937, inclusive, the proportion was 1 to 200 ^ During the same period 
(1935-1937) syphilitic aneurysms of the aorta occurred in 1 case out of 
160 A comparison of the frequency ratios of the two conditions sug- 
gests that, with the expected future decrease of syphilis and increase of 
vascular degenerative disease, dissecting aneurysm may eventually 
become more frequent than syphilitic aneurysm Thus dissecting 
aneurysm is more than a clinical curiosity 

In the genesis of dissecting aneurysm medioneciosis aoitae is the 
usual predisposing factor, with hypertension the common activating 
agency Atherosclerosis is responsible for a certain percentage of cases, 
and rheumatic aortitis is said to be a possible cause Physical oi mental 
disturbances may be contributing agents m the actual luptuie, probably 
because of their influence on hypertension, and mechanical injury 
(external or internal trauma) has been repoited as an exciting element 

EXPERIIMENTAL DISSECTING ANEURYSM 

Before discussing expei iinental lesions it is necessary to consider 
the possibility of the occuirence of spontaneous dissecting aneurysm 
in the rabbit Personal experience and special inquiries in laboratories, 
veteiinary schools and zoos have failed to leveal cases Liebig^ made a 

This investigation was aided by a grant from the Committee on Scientific 
Research of the American Medical Association 

1 Weiss, S ^I Chn North America 18 1117, 1935 

2 Weiss, S New England J !Med 218 512, 1938 

3 Liebig, H A.rch f exper Path u Pharmakol 159 359, 1931 
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definite statement that spontaneous anein^sin of the aoita of the labbit 
IS unknown 

Bennecke/ m a study of lesions of ^esse]s following the use of 
poisons, lecoided his findings in 400 labbits that were not subjected 
to expel imentation but died spontaneously oi fiom inteicuirent infections 
He pictuied without desciiption an aoitic malfoimation observed in a 
labbit w4nch may have been a shoit dissecting aneurjsm, and also an 
irregulai dilatation of the aoita of another of these animals In the litera- 
ture on the subject w'hich he discussed theie was no leference to similar 
lesions, and no publications since that time have recorded such changes 
m noimal labbits 


MEDIAL NrCROSrS IN TIIC R \IU5IT 

The media of the aoita of the labbit is not infrequently the seat of 
minute lesions These arc shaiply localized and consist of degenerative 
and necrotic processes with a strong tendency tow aid calcification Miles 
and Johnstone “ and Levin and Lai kin ® described lesions, piactically all 
of which w’^eie minute, m 35 to 52 pei cent of noimal rabbits These 
lesions w'ere limited, almost without exception, to the media oi w'eie of 
medial origin 

epinizphrine-induced necrosis in hie media 

or THE RABBIT AORTA 

The discovery of medial lesions m the aoita of the noimal labbit 
was used to discountenance claims that aortic lesions following injec- 
tions of epinephrine hydiochlonde weie due to that diug Lesions pro- 
duced in the aoi ta of the rabbit by the vasopi essor eftects of epinephrine, 
howevei, aie moie extensive than the minoi piocesses found in normal 
rabbits Josue " fiist repoited the eflfects of injections of epmephime in 
1903 The lesemblance of these lesions to those of medionecrosis aortae 
in the human aorta is close As w'ould be expected, some dissecting 
aneuiysms occurred m these experimental animals 

Fisher® described a dissecting aneurysm extending fiom the aich of 
the aoi ta to the level of the renal ai tei les in an animal in wdnch paralysis 
of both hindlegs developed following the tw'^enty-thii d injeotion of 
epmephime He emphasized the fact that the lesions of the aorta fol- 
lowing lepeated injections of epmephime aie a “piimaiy neciosis of the 
muscular and elastic layeis of the media” and that these lesions have 
little in common with the changes obseived in atherosclerosis of the 
human aorta 

4 Bennecke, A Virchows Arch f path Anat 191 208, 1908 

5 Miles, A B , and Johnstone OP J A M A 49 1173, 1907 

6 Levin, I , and Larkin, J H J Exper AJed 13 24, 1911 

7 Josue, O Compt lend Soc de biol 55 1374, 1903 

8 Fisher, B Deutsche med Wchnschi 31 1713, 1905 
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Erb ” described among a large group of experimental animals a 
young rabbit, weighing 1 3 Kg , which received over a period of about two 
months thirty-one injections of 0 1 to 0 3 cc of a 1 1,000 solution of 
epinephrine hydrochloride A few minutes after the last injection flaccid 
paralysis of the hindlegs and severe dyspnea developed The animal 
died SIX hours later Necropsy revealed hemoperitoneum, with clots, 
and retroperitoneal hemorrhage about the aorta Below the renal aiteries 
the aorta was collapsed and white There was serosanguinous fluid m 
both pleural cavities as well as hemorrhage into the tissues about the 
thoracic portion of the aorta There was a dissecting aneuiysm originat- 
ing in the lowei part of the aich and extending to the level of the 
renal artery This started between the intima and the media and con- 
tinued into the media and adventitia 

In Kulbs’s series 1 rabbit received thirty-one injections of massive 
doses of epinephrine in sixty-two days Death acutely followed the 
last injection Necropsy levealed hemorrhages into both pleural cavities 
The mediastinal tissues were infiltrated with blood There was an 
intimal tear, the location of which was not mentioned The dissection 
extended downward to the iliac junction On micioscopic examination 
there was separation of the intima and media at the site of the original 
rupture Elsewhere the adventitia was elevated by hemorrhagic 
dissection 

Among Ziegler’s animals a dissecting aneurysm developed m 1 
labbit An accidental fall from a height of 1 5 meters precipitated the 
rabbit’s death This animal, 8 weeks old, had leceived seven injections 
of 0 15 cc of a 1 1,000 solution of epinephrine hydrochloride At 
postmoitem examination there was hemorrhagic infiltration of the 
peiiaortic tissues with a diffuse hematoma of the aortic vail Theie was 
an mtimal tear through which blood penetrated between the intima and 
the media Below this the layers of the diseased media weie separated, 
and the adventitia had ruptured at the level of the diaphragm 

Kaiserhng reported 1 animal m his senes with dissecting aneuiysm 
This labbit received thirty-eight doses of a 1 1,000 solution of epineph- 
rine hydrochloride, varying fiom 0 1 to 0 7 cc , over a peiiod of forty-four 
da) s Several houi s after the last dose, 0 7 cc , the animal showed sud- 
den paralysis of the hindlegs, dyspnea and rapid pulse It became 
apathetic and was found dead the next morning Neciopsy disclosed 
two teais in the aoitic intima One, 2 cm long, vas in the thoracic aorta 
With sepal ation and ruptuie of the adventitia The second small tear 
vas located immediately belov the diaphragm Here the dissection had 

9 Erb, W Arch f exper Path u Pharmakol 53 173, 1905 

10 Kulbs Arch f exper Path u Pharmakol 53 140, 1905 

11 Ziegler K Beitr z path Arat u z allg Path 38 229, 1905 

12 Kaiserhng, K Khn Wchnschr 44 29, 1907 
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torn an arteiy It is of interest that histologic examination failed to 
reveal any localized lesion of the aoitic media 

Schirokogoroft lepoited dissecting aneurysms m 2 rabbits of an 
epinephrine series A rabbit 3^^ months old died fifteen houis after the 
last injection The animal had received seventeen injections of 0 15 cc 
of a 1 1,000 solution of epinephrine hydrochloride The record of 
the postmoitem examination lacks details, but it is stated that a dis- 
secting aneurysm was present and that there v\as necrosis of the muscle 
and elastic fibers of the aoitic media The second labbit had received 
forty injections of 0 15 cc of a 1 1,000 solution of epinephrine m three 
months and four days In the lecord of the postmortem observations 
there is mention meiely of the piesence of a dissecting aneuiysm and 
neciosis of the muscle layei of the media 

These repoits of aortic dissecting aneuiysm following injections of 
epinephrine are in laige part lacking m detail The aneurysms are 
casually recorded as inteiesting obsenations m the course of experi- 
ments dealing piimarily with the geneial eflects of the diug The 
thickness of the human aoitic media faiois the dissecting apart of its 
layei s by the blood as it spreads The thin media in the aorta of the 
labbit does not lend itself so leadily to sepaiation of the fibers, so 
that 111 most cases the dissection tends ultimately to occur between the 
media and the adventitia 

LESIONS INDUCED IN THE AORTA OF THE RABBIT 
BY VITAMIN D 

The feeding to labbits of massive doses of viosterol oi of other 
pieparations of vitamin D gives use to medial neciosis wTth a strong 
tendency tow^ard calcification Dissecting aneuiysm of the aorta w^as 
not reported as occuiiing in these animals The lacking element in 
these experiments w^as probably the vasopiessor factoi 

ATHEROSCLEROTIC (iNTIMAl) LESIONS IN NORMAL RABBITS 

It IS apparent that the lesions found in normal labbits and those 
produced by epinephrine or by vitamin D aie limited to, or aiise fiom, 
the media 

Clarkson and Newdjurgh cited lecoids of 2,947 labbits reported 
by several workers in expeiimental medicine with ten possible examples 
(0 34 per cent) of spontaneous sclerosis of the aoita which might be 
of the atherosclerotic type Atheiosclerosis can be produced, however, 
m 100 pel cent of labbits by feeding them adequate amounts of 
cholesterol, and the lesions will cover much of the surface of the aoita 

13 Schirokogoroff, J J Virchows Arch f path Anat 191 482, 1908 

14 Clarkson, J , and Newburgh, L H Arch Int Afed 31 653, 1923 
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in contrast to the relatively minute lesions described so rarely in normal 
rabbits There can be no confusion, therefore, between the lare processes 
found in noi mal animals and the constant results of adequate cholesterol 
feeding 

REPORT OF A CASE 

A male rabbit had been fed a total of 60 Gm of cholesterol in solution in sun- 
flower seed oil by catheter There were 110 feedings from Oct 22, 1934 to May 
7, 1935 The weight of the rabbit increased during that period from 1,780 to 
2,880 Gm Feeding had progressively increased from 0 3 Gm of cholesterol 
daily six times a week to 0 9 Gm in January 1935 Because of an epidemic 
among the rabbits, feeding was stopped Jan 26, 1935 , it was resumed March 8 
(0 3 Gm ) and continued until May 7 

The animal was allowed to live after cessation of the cholesterol feeding 
During the three years intervening before its death it was kept on a diet of rabbit 
chow When last seen alive, April 12, 1938, the animal was apparently well Its 
weight had been standardized at about 3,400 Gm for some time before death 

On the morning of April 13, 1938 the animal was found dead m its cage At 
postmortem examination the right pleural cavity contained currant jelly clots and 
a small amount of fluid blood The left pleural cavity contained a small amount of 
clot and fluid blood There was hemorrhagic infiltiation of the periaortic tissues 
downward to the level of the diaphragm There was hemorrhagic infiltration of 
the tissues about the esophagus up to the base of the skull Rupture into the pleural 
cavity on the right had occurred through a slitlike opening in the pleura just above 
the diaphragm The point of rupture into the left pleural cavity could not be 
found The aorta was tortuous, the wall was thickened and opaque, and there was 
dilatation of the arch and upper thoracic portion When the vessel was laid open, 
an oval ulceration 0 5 by 0 3 cm, was seen in the anterior wall, just below the 
junction of descending arch and thoracic portion This was lined by a granular 
red membrane The layer of blood, located between the deep layers of the vessel 
wall, extended upward along the aorta to the level of the orifice of the left sub- 
clavian artery and downward almost to the diaphragm (fig 1) It varied in 
thickness up to 0 9 cm Calcification of the wall was continuous in the lower 
thoracic region, producing a waistlike effect The abdominal portion of the vessel 
was dilated, but the wall was less markedly thickened than in the thoracic portion 
The aortic intima was thickened, nodular and colored brownish j^ellow, with yellow 
predominating in the nodules The nodular and diffuse thickening of the intima 
was continuous down to the midabdominal region Below this level w'ere scattered 
\ellow'^ nodules The vessels of the arch show’ed marked thickening of their w'alls 
w'lth great narrowing of their lumens, that of the right carotid artery being almost 
occluded The w’alls of the carotid arteries showed small patches of yellow' 
opaque thickening to within 1 cm of the base of the skull 

The heart was hypertrophied, the cavities were emptj The left and right 
coronary arteries sliow'cd thickened w'alls and narrowed lumens 

The right lung was compressed and airless except over a narrow' region along 
the anterior edge The left lung had compression atelectasis over the back of the 
low'er lobe but was otherw'ise normal The bronchi and trachea were natural 
The luer was of normal size and a gra 3 -red color, w'lth focal regions of irregular 
lobulation and scarring The gallbladder contained an estimated 3 cc of bluish 

14a This chow' is a standard stock feed containing all necessar\ food substances 
but no animal cholesterol as such 
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black bile The mucosa was natural In the middle portion of the spleen was a 
firm subcapsular nodule, 0 7 cm in greatest diameter, which on section was opaque 
j^ellowish white Apart fiom this nodule the oigan was noimal 

The left kidney was of normal size, the right, smaller The capsules peeled 
with little difficulty The surface of the right kidney showed a series of depressed 
scars, beneath which, on section, the cortex was thinned Ihe surface of the left 
kidney was smooth The cut surfaces showed bilaterally a senes of opaque >ello\v 
streaks running from the intermediate zone toward the apexes of the pyramids 
The adrenals, though of normal size, were softer than normal On section 
there was a suggestion of thickening of the cortex The testicles were of normal 
appearance, and the thyroid, the brain and cerebral arteries and the gastrointtstmal 
tiact were likewuse noimal There w'as no gross eMdence of cholesterol deposits 
in the e 3 "es or in the skin 

Mici oscopic E\aviuiatton — (a) Aorta Near the site of the atheromatous ulcer' 
the aortic wall showed, together with thinning and h> aline degeneration of the 
media, a markedly thickened intima made up largely of hyaline connective tissue In 
the base of the ulcer, at one side the intinia w'as almost wdiollj replaced bj^ a iichh 
cellular tissue, made up of young fibroblasts paralleling one another, wuth their 
long diameters at right angles to the media or remaining deep fragments of the 
Ultima This young granulation tissue w'as diffusely infiltrated with Ijmphoid and 
plasma cells, macrophages and a few polymorphonuclear leukocytes In places 
the continuity of the intima was broken and the granulation tissue w’as based on the 
hyaline remnants of the media In the midregion of the ulcer w'as a hyaline 
fibrinous thrombus undergoing organization w'hich in places where the media w'as 
absent rested directly on the adventitia The general picture w'as that of deep 
necrosis of the thickened intima and in part of the media, followed by thrombosis 
and progressing organization of the clot (fig 2 A) 

Alongside the ulcer a hemorrhage into the w’all could be seen at one point, 
separating the layers of the media (fig 2B), but for the most part the clot lac 
betw'een the media and the adventitia as it spread up and down the aorta 

The aortic wall in general owed its thickening largely to an intimal process It 
was made up in great part of a connective tissue vary ing in density' from that of 
moderately cellular collagenous tissue to dense, relatively acellular, hy'ahne con- 
nective tissue (fig 3 A) The surface layer w'as loose textured and showed 
infiltration with hpoid foam cells and lymphocytes In sections stained for fat 
the middle and deep layers of the intimal fibrous tissue contained abundant iso- 
tropic granular hpoid 

(b) Heart The muscle fibeis were hyperti opined In the main coronary 
arteries the intima was thickened by hy'aline fibrosis, and the lumens w'ere naiiow'ed 
In some of the muscular branches the naiiowung of the lumens w'as marked 
(fig SB), and one smaller branch showed complete occlusion At the summit of 
some of the muscle folds, beneath the endocardium the muscle fibers w'eie shrunken, 
distorted and in part replaced by relatively acellular connective tissue (fig 4 A) 

(c) Carotid Arteries The mtima of the right carotid artery (fig 4 B) w'as 
thickened by a growth of connective tissue, which had narrowed the lumen to an 
angular slitlike opening In a deeper crescentic fold a hyaline thrombus was under- 
going organization, and the innei layer of the mtima was made up of y'oung 
fibroblastic tissue infiltrated with lymphoid cells and monocytes In the other folds 
the endothelial layer lay' on a relatively loose-textured connective tissue, which 
made up much of the mnei layer of the mtima Near the media there w'as an 
encircling layer of dense hyaline connective tissue, throw'n into fluted folds, internal 










Fig 3 — A, aortic atherosclerosis The thickening of the intima is laigely due 
to fibrosis and hj^alinization of the fibrous tissue Below is a mass of blood outside 
the media, actuall}’- separating the media from the adventitia 

B, fibious narrowing of the lumen of a coronary bianch — an old healed lesion 
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Fig 4 — old repaired atrophj and neciosis of cardiac muscle fibers (chronic 
vascular mjocarditis) Compare the size of the fibers to the right and below xxith 
those to the left and above B, section of the right cai otid arterv about 0 5 cm 
from its origin (see text) 
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to which in places \\as an acellular material staining pink with eosin (In frozen 
sections stained for fat this material and the dense In aline layer surrounding it were 
rich in sudan-staining gianular hpoid Under the polariscope some anisotropic 
crystals were scattered through the fatty material ) The media showed irregular 
thinning, and in places only a few fibers remained At points where \asa vasorum 
were penetrating through the media there was some infiltration with Ij'mphoid’ 
cells, and the adventitia about these regions showed lipoid cell infiltration In 
frozen sections stained with Sudan IV there were hpoid cells scattered m places 
in the media Sections stained by Verhoeff’s or Weigert’s elastic stains disclosed 
irregularity, fragmentation and disappearance of the elastica m the media In 
the fluted hyaline layer there was an irregular production of elastic tissue in the 
form of series of fine fibrils, with a heavier elastic band along the fluted edge 
This inner elastic lamina could be followed for some distance as an intact membrane 
and then was seen to become granular and disappear in the fatty detritus m this 
region 

The left carotid and the subclavian arteries were the seat of similar lesions, the 
right subclavian artery showing a lumen so narrow that at one level the intimal 
folds were almost m contact 

{d) Liver For the most part the organ was normal In the regions of 
irregular lobulation there was an increase of periportal connective tissue outlining 
the lobules, many of which were distorted There was moderate infiltration of the 
periportal tissue by Ivmphocytes 

(c) Spleen The splenic tumor was poorly encapsulated and was made up of 
oat-shaped cells, which tended to occur in whorls, as in a meningioma Alitoses 
were present Lipoid-containing cells were few Otherwise the spleen was not 
remarkable 

(/) Kidneys The arteries of the right kidney showed high grade fibrous 
sclerosis with narrow'ing of the lumens, wdiich W’as extreme in places In the legions 
of thinning of the cortex there w'as diffuse fibrosis with Ivmphoid cell infiltration 
Glomeruli were found in all stages from thickening of the capsule, through adhesion 
of the tufts, to complete hyaline scarring Alongside these regions the cells lining 
convoluted tubules were swollen and granular, with fine granules which took the 
fat stain Much of the renal structure aw'aj from the regions of fibrosis w’as normal, 
and the tubular epithelium contained no fat granules The yellow streaks seen 
grossly in the pyramids w'eie made up of collections of cholesterol crystals 
embedded in fibrous tissue 

The left kidney was essentially normal save for masses of cholesterol crj'stals 
shut off in dense connective tissue in streaks m the pviamids 

ig) Adrenals The cortical layer was thickened and rich m cholesterol Lying 
in the zona reticularis w’ere man3' small collections of cells, which took a purple 
stain with nile blue sulfate Similar groups of cells w'ere present in lymph vessels 
in the medulla The contents of these cells showed little or no amsotropism, a rare 
crystal being present in an occasional gioup, in contrast to the cortical cells, w'hich 
were rich in cholesterol esters 

The anatomic diagnoses were exsanguination , bilateral hemothorax , 
dissecting aneui)'’sm of the aoita, atheromatous ulcei of the aorta, 
advanced athei osclerosis of the aoita with calcification and dilatation of 
the arch and the thoiacic portion, athei oscleiosis of the caiotid, of the 
subclavian and of the coionaiy arteries, hypertrophy of the heait ivith 
focal chronic vasculai myocaiditis, chionic r^asculai nephritis on the 
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right , embedded cholesterol crystals in renal pyramids bilaterally , focal 
subacute and chronic intei stitial hepatitis , fibrosarcoma of the spleen 

HUMAN AND EXPERIMENTAL ATHEROSCLEROSIS 

Anitschkowd® in his review of experimental atherosclerosis, recoids 
with respect to atherosclerotic lesions m the rabbit the following varia- 
tions from human processes 

The pnncipal differences betitcen cvpeiunental cholcstenn athcrosclei osis in 
rabbiis and human athci osc/ei osti aie as foUozvs (1) In experimental athero- 
sclerosis no fatty infiltration of the elastic fibers or lamellae is ever observed, as 
is often the case in human patients In rabbits, the lipoid substances generally 
accumulate only m the ground substance of the arterial wall and m the cellular 
elements of the newly formed intima (2) In material derived from the experi- 
mental animals one finds much larger quantities of lipoidal cells than is generally 
the case in human material of a corresponding nature It is true though that in 
human material the quantity of lipoidal cells found in the newly formed intima is 
subject to great variations, and in some cases it is very considerable (3) In 
cholestennized rabbits neither the hyaline swelling of the fibrous atherosclerotic 
plaques nor the development of fibrous elements in general is as pronounced as in 
human atherosclerosis (4) In rabbits no ulcers are ever obseived m the athero- 
sclerotic plaques, whereas in human atherosclerosis such ulcers are quite frequent , 
they aie sometimes covered with thrombotic deposits (5) The distributions of 
the atherosclerotic changes m the arteries is somewhat different in rabbits, as 
compared with human atherosclerosis, although the arteries affected are generally 
the same ihe cerebral arteries however — to mention one exception — are never 
affected in rabbits 

It IS evident from the material piesented m this case that most 
of the differences which Anitschkow cited resulted from the comparison 
of eaily experimental lesions with late human lesions The study of a 
large series of rabbits which w^eie fed cholesterol and peiimtted to live 
joi years aftei cholesterol feeding ceased has demonstrated that t\hen 
late rabbit lesions are compared with standard (late) human athero- 
sclerotic lesions the differences are minor Thus, with reference to 
Anitschkow’s claimed differences 

1 Fatty degeneiation of the elastica is a late human lesion, appeal- 
ing as the process includes the media Similarly, in late experimental 
lesions fatty degeneration occurs in the elastica 

2 Figures 3 and AB indicate that in late expeiimental lesions lipoid 
cells are at least no more abundant than in human lesions 

3 These illustiations also establish that in the experimental lesions 
h} aline changes in the connective tissue and the filirosis in general cor- 
lespond to those found in late human lesions 

4 The atheromatous ulcei in this case negatives claimed diffei ence 4 

15 Anitschkow, X , in Cowdry, E V Arteriosclerosis A Survey of the 
Problem, New York, The Alacmtllan Company, 1933, pp 305-306 
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5 Theie aie clifteiences in the localisation of the aortic lesions in 
the experimental and the human disease In man the ascending portion 
of the aorta resists the production of advanced atheroscleiotic lesions 
This legion is a favoiite site foi the eaily deposit of hpoid cells Ciops 
of pinhead-sized lesions, due to invasion of the subendothelial layer of 
the Ultima by these cells, aie fiequently met with These may spread 
m fanlike extensions ovei the intima but remain superficial The 
cholesteiol m lesions of this portion of the aoita is removed by fibio- 
blastic cells, as one of us (T L ) has dcmonstiated The lesions lose 
then oiange color, become pale yellow, then gia\. and finall}' disappear 
The cholesteiol provokes a giowlh of fibioblastic tissue in these lesions, 
but this tissue does not foim collagen, so that scaiiing does not follov 
The mechanism lefened to also removes cholesterol deposits from the 
aoita and other vessels m the young It is efficient, even into old age, 
111 the ascending poition of the aoita, though it shows little oi no 
activity in othei pails of the vessel 

In the labbit there is no lesistance of the ascending poition of the 
aoita to the pioduction of atherosclerosis, oi else the large doses of 
cholesterol in the diet ovenvhelm the mechanism of lesistance As a 
lesult, the lesions extend continuously fiom the iing o\cr the arch and 
thoiacic portion of the aorta In the late stages dilatation occuis thiough- 
out this legion and calcification, often continuous, is usual 

The resemblance of this continuous atheiosclerotic piocess, with 
its dilatation and calcification, to the atheioscleiotic lesions associated 
with human syphilitic aoititis is close In s}philitic aoititis the resistance 
of the ascending aoita to atheioscleiosis is abolished, and a secondar} 
atherosclerotic piocess is found — continuous fiom the iing and ovci 
the aich into the thoiacic poition of the aorta This is accompanied In 
dilatation and calcification, which is fiequently continuous 

Human ceiebial arterioscleiosis is usually a ven late manifestation 
of the disease, associated wuth senility No expeiimental labbits haAC 
been peimitted to live long enough to coriespond in lelative age to the 
senile human being wuth cerebial aiteiioscleiosis 

COMMENT 

In this papei is lepoited the fiist atheromatous ulcer of lecoid in 
an experimental animal and the fiist dissecting aneunsm in a labbit fed 
cholesterol 

In the literatuie on the subject of dissecting aneui3’’sms in labbits 
undei expeiimental conditions it is made clear that this lesion most 
frequently follows necrosis of the aortic media In the gioup of animals 
Inch 1 eceived i epeated doses of epinephi me sei ere pai oxj'smal ai tei lal 

16 Leary, T Arch Path 21 419, 1936 
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hypertension played the primary role in the causation of the dissecting 
aneurysm It is piobable that the necrotic lesions of the media resulted 
from the damaging effect of the hypertension This type of pathogenesis 
corresponds to that often present in human subjects in ^\hom theie is 
an association of severe hypertension with medionecrosis but m whom 
the Ultima is normal The significance of hypertension as a factor in the 
actual rupture is suggested by the failure of the aortas of rabbits fed 
excessive doses of vitamin D to exhibit dissecting aneurysms, though 
the medial damage was severe That hypertension was the factor 
lacking in these animals is a reasonable conclusion 

In the case reported here no measuiements of blood pressure were 
made However, the hypertrophy of the heart, manifest both grossly and 
microscopically, the great narrownng of the lumens of the vessels arising 
from the aortic arch and the piesence of chronic vascular nephritis 
m one kidney make it probable that hypertension was piesent m the 
animal 

The primary factoi m this case was a diffuse athei osclerotic process 
wnth an atheromatous ulcer, induced by cholesterol Atherosclerosis is 
the agency lesponsible for a small number of dissecting aneurysms m 
man Rupture may occui m relation to an atherocheuma (atheromatous 
abscess, so called) or to an athei omatous ulcer wdiich has resulted from 
the ruptuie of an atherocheuma The two types of genesis of dissecting 
aneurysm in the rabbit appear to be identical with the mechanisms 
obseived m man 

SUMMARY 

A dissecting aneuiysm of the aorta is reported arising in an atherom- 
atous ulcer m a cholesterol -fed rabbit which was allowed to live foi 
three years after cholesterol feeding was stopped 

The relation of atherosclerosis in man to expeiimental atherosclerosis 
111 the rabbit is discussed The necessity of comparing standard (late) 
human atherosclei otic lesions wnth late athei osclerotic lesions m the 
rabbit is stressed 

The causation of dissecting aneuitysni appeals to be identical m man 
and m the experimental rabbit In both the important causative factors 
aie medionecrosis or athei osclerosis, with hypertension 



BEHAVIOR OF TUBERCLE BACILLI FOLLOWING 
THEIR INTRAVENOUS INJECTION INTO 
A RESISTANT ANIMAL (RAT) 

NEVILLE C OSWALD, MB, MR CP 

^F\\ lORK 

Rats have been shown to be higlih lesistant to infection with 
tubeicle bacilli, in those cases in w’hich tiibeicnlosis develops, it is 
usually the Yeisin type, charactei i7ed by enoimous numbers of bacilli 
together wuth prolifeiation of epithelioid cells, and absence of caseation 

This stud) w'as undei taken to determine the fate of tubercle bacilli 
when they aie injected intiavcnously into an animal, namely, the lat 
which IS regal ded as highly lesistant to them The recent work of 
Hehre and Freund suggests that so fai as the lungs aie concerned 
there is an initial i eduction between about the second and tenth weeks 
though the lats which died six months or more aftei injection showed 
large numbeis of the bacilli in then lungs The figures published b) 
these authois w'ere derived fiom counts on sections of lung, liver and 
spleen, each lepresents the number of organisms seen in 100 micro- 
scopic fields This technic w^as adopted in the piesent investigation, 
and, in addition, the number of colonies wdnch grew from 1 mg of 
each of these organs w'as detei mined by cultural methods 

Albino rats about 6 niontlis old and weighing approximately 150 Gm were 
used An injection of 1 mg of Ining tubercle bacilli suspended in 0 1 cc of 
saline solution was made into the femoral leiii under ether anesthesia The 
Ravenel strain, isolated more than thiit}’- years ago bj' Dr klazjxk Ravenel, was 
used, this strain is of the bovine type and is highly virulent, one intravenous 
injection of 0 00001 mg being sufficient to kill a rabbit in three to six months, 
with extensive tuberculosis In these respects the experiment w^as identical with 
that of Hehre and Freund ^ 

The rats were subsequent!} killed at various intervals The chest and abdomen 
were opened under sterile conditions, and specimens of tissue w'ere lemoved from 
the center of the low'er lobe of the right lung, the center of the right lobe of the 
liver and the middle of the spleen Each of these specimens w'as then treated as 
follow's 

1 A part was fixed m solution of formaldehyde U S P diluted 1 10, for 
twenty-four hours, and w'as stained by the Ziehl-Ncelsen method for tubercle bacilli 
and also with hematoxylin and eosin An attempt was made to obtain a rough 
estimate of the volume of tissue w'hich was examined wdien the number of 

From the Department of Pathologj, Cornell University Medical College, and 
the New York Hospital 

1 Hehre, E, and Freund, J Arch Path 27 289, 1939 
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organisms m 100 microscopic fields was counted All sections were cut at 6 
microns, and the diameter of the microscopic field was found to be 0 15 mm , 

hence the volume of tissue in lt)0 fields was 0 0106 cu mm By multiplying the 

number of bacilli seen m 100 fields by 100, the approximate number of visible 
bacilli m 1 cu mm was obtained 

2 Two hundred to three hundred milligrams of tissue was weighed to the 
nearest milligram It was crushed m a mortar, and fifteenth-normal sodium 
dihydrogen phosphate (NaH.POi) was added in the proportion of 1 cc to 100 mg 
of tissue After further crushing, 0 2 cc of this mixture was diluted ten times 
with the phosphate solution, and 0 2 cc of the 1 10 dilution was further diluted 
ten times Two test tubes containing Petragnam’s medium were inoculated with 
0 1 cc of the 1 10 dilution, i e , with 1 mg of tissue, and a further two test 

tubes with the 1 100 dilution, i e , with 0 1 mg of tissue After incubation 

Table 1 — Bovine Tnbeicle Bacilli (Ravenal Sftanti) 


Bacilli per Hundred Fields Colonies per Milligrams or Tissue 



Time After 

/ 

k 

Rat 

Inoculation 

Lung 

Liver 

100 

hour 

120 

0 

101 

% hour 

2-10 

10 

104 

1 week 

25 

123 

105 

1 iveek 

0 

215 

80 

2 weeks 

700 

650 

81 

2 weeks 

0 

0 

106 

3 V eeks 

530 

15 

107 

3 ^eeks 

540 

295 

82 

4 weeks 

230 

150 

83 

4 w eeks 

223 

65 

84 

6 w eeks 

430 

105 

85 

6 weeks 

370 

35 

88 

2 months 

1,700 

75 

89 

2 months 

2,630 

55 

90 

G months 

345 

15 

91 

0 months 

cc ’ 

6> 

92 

6 months 

105 

SO 

93 

6 months 

QO 

0 

94 

6 months 

180 

0 




■ \ 
Spleen 

/ 

Lung 

Liver 

Spleen 

0 

SOO 

200 

80 

0 

400 

200 

50 

85 

300 

4.000 

3.000 

1,300 

120 

1,000 

5,000 

900 

7,000 

15,000 

10,000 

100 

0 

70 

100 

20 

150 

40 

400 

320 

1,000 

400 

1,000 

65 

3,000 

1,000 

1,500 

185 

1,500 

1,500 

1,000 

45 

3,000 

400 

600 

135 

5,000 

SOO 

300 

130 

00 (15,000)* 

1,500 

1,000 

2,000 

2,000 

315 

TO (9,000) 

10 

4,000 

1 

200 

40 

TO (15,000) 

20 

400 

15 

TO (10,000) 

50 

500 

43 

TO (20,000) 

75 

1,000 

5 

TO (12,000) 

750 

750 


* The symbol oo is used to indicate that the number of colonics vas too large to count 


of the cultures at 37 C for about three weeks colonies began to appear, and 
these were counted from time to time until the end of the sixth week A mean 
figure was then assessed from the numbers of colonies m the four test tubes and 
was expressed m terms of the number of colonies growing m one of the tubes 
containing the 1 10 dilution It was approximately the number of colonies m 
1 mg of tissue 

Three rats died during the course of the experiment The results obtained 
on the remaining 19 rats are shown m table 1 


RESULTS 

Lungs — During the first two months the numbers of bacilli indicated a tendency 
to multiply, and m all the rats killed two to six months after injection cultures 
showed the numbers were considerably increased It was impossible to estimate 
a mean figure for the number of bacilli m 100 fields m the animals killed at 
SIX months because m 2 of the 5 rats the bacilli were too numerous to count 
Also, in the rats killed at six months the number of colonies (stated m parenthesis) 
uas assessed from the findings m the 1 100 dilutions, as all the tubes containing 
the 1 10 dilution showed an infinite number of colonies 
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Lwcj and Spleen — Table 1 shows that there was an initial multiplication of 
bacilli in these organs, this incicase was not maintained, a much smaller number 
being found at the end of six months 

The large number of colonies and bacilli found m lat 80 as compared with 
the other rats killed after the shortei intervals cannot be easily explained The 
animal appealed to be healthy, and at autopsy no intcrcurrcnt disease was found 
It IS evidence that occasionally a rat shows little resistance to the multiplication 
of tubercle bacilli after mtra\enous inoculation 

In order to investigate more fuHj the behavior of tubercle bacilli during the 
first few weeks, a further series of rats was given mtra\enous injections of a 
small quantity of tubercle bacilli namelj', 0 01 mg The Ra^cncl strain was 


Table 2 — Bovine Tubeicle Baeilh (Rnvenel Sham) 




Bacilli per Iliinilrctl rielfl« 

Colonies per Mlllltranis of Tissue 


Time After 





k 









Rat 

Inoculation 

Bunt 

Liier 

Spleen 

I ling 

I i\cr 

Spleen 

102 

1/^ liour 

0 

0 

0 

20 


15 

103 

’/f: hour 

0 

0 

0 

10 

12 

12 

00 

2 Meets 

0 

0 

1 

100 

CO 

500 

97 

2 M eeks 

0 

0 

0 

0 

300 

30 

OS 

i Meets 

0 

0 

0 

0 

30 

200 

99 

•1 Meets 

0 

0 

0 

230 

20 

130 

109 

S Meets 

2 

0 

0 

1,000 

"0 

130 

110 

10 MOltS 

30 

0 

0 

>,000 

00 

1,230 

111 

10 Meets 

23 

0 

0 

3 000 

SO 

330 



Table 3 

— Human 

Tubeicle Bacilli (Jamaica 

22) 




Bacilli per Hundred Pields 

Colonies per Milligrams of Tissue 


Time After 

r— — 

A 

^ 

i 

k 


Rat 

Inoculation 

Bung 

Bn er 

Spleen 

Bung 

Bi\ er 

Spleen 

74 

hour 

0 

0 

0 

30 

30 

SO 

T“i 

% hour 

0 

0 

0 

100 

13 

90 

70 

2 Meets 

0 

0 

0 

0 

3 

3 

77 

2 Meets 

0 

0 

0 

1 

10 

120 

79 

4 Meets 

0 

0 

0 

130 

13 

20 

112 

S Meets 

0 

0 

0 

200 

*5 

40 

11 > 

10 Meets 

0 

0 

0 

300 

> 

7 

114 

10 Meets 

0 

0 

0 


0 

7 


used, as before, and, in addition, 9 rats were gn en the same quantity of Jamaica 22, 
a virulent human strain The results are shown m tables 2 and 3 

Discrepancies are bound to occur when only small pai ts of organs are examined 
In these experiments the specimens were taken from the same part of the organ 
in every rat, regardless of whether that part appeared to be diseased or not 
The results doubtless would have been different if the specimens had been taken 
from those parts which on gross dissection appeared to have lesions Errors 
in the counting of tubercle bacilli are exemplified by the findings m rats 100 and 
101 of experiment 1 These animals were both killed half an hour after inoculation 
By direct counting the tubeicle bacilli in sections of the lungs, rat 101 was found 
to have more than twice as many bacilli as rat 100, yet the number of colonies 
grown from rat 100 was twice that from rat 101 

In counting 100 microscopic fields a verj'^ small volume of lung was studied, 
estimated as only 0 0106 cu mm Further, m specimens obtained a short time 
after inoculation the bacilli weie for the most part clumped together in the small 
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blood vessels of the lungs Later they were seen to have migrated into the 
pulmonary substance, and by about the third week most of them were lying 
within epithelioid cells In the rats killed at six months they were in large 
numbers in epithelioid and giant cells scattered throughout the lungs Microscopic 
examination did not reveal whether the organisms were alive or dead 

With the culture method a much larger volume of tissue was used, a sus- 
pension was prepared from 200 to 300 mg , and 1 mg of this was planted on the 
culture medium The liver and spleen could easily be ground in a mortar, but 
considerable difficulty was experienced with the lungs 

To assist the breaking up of the clumps, the sodium dihydrogen phosphate 
solution was used, but microscopic films showed that this procedure even after 
prolonged grinding was by no means always successful Failure to break up 
clumps diminished the number of counted colonies With this technic, the colonies 
grew well, and not more than a do7en of more than 400 culture tubes became con- 
taminated 

In the experiments shown in tables 2 and 3 the counting method was valueless 
on account of the scarcity of the bacilli On the other hand, in table 1, in those 
cases m which the bacilli were at all plentiful the figure representing the number 
of organisms per cubic millimeter (obtained by multiplying all the results by 100) 
was considerably larger than the number of colonies which grew from 1 mg of 
tissue This difference is perhaps explained by the failure to break up clumps 
m the process of grinding 

Tables 2 and 3 show that tubercle bacilli in small numbers are not demonstrable 
m the tissues by microscopic examination of sections, whereas cultures prepared 
from weighed quantities of the tissue show that they are present m considerable 
abundance 

The results when the cultuial method was used clearly indicate that the Ravenel 
strain had multiplied very considerably in the lungs by the end of the eighth 
week In general there was scant multiplication in the liver and the spleen In 
some animals there was an increase in the spleen, but the figures for the liver 
showed little change With the Jamaica 22 strain there was a tendency to multiply 
in the lungs Unfortunately, no reading was possible on rat 114, owing to con- 
tamination, the liver and spleen of this animal suggested a slight diminution in 
numbers 

In experiments m which large (1 mg m table 1) and small (0 01 mg in table 2) 
quantities of bovine tubercle bacilli were injected intravenously into rats, cultures 
demonstrated that the tubercle bacilli steadily multiplied in the lungs In the 
liver and spleen there was much less multiplication , these organs evidently inhibited 
but did not destroy the bovine tubercle bacilli A somewhat similar relation was 
found by Lurie ^ m rabbits inoculated with bovine tubercle bacilli 

Notwithstanding the apparent resistance of the rat to tuberculous infection, 
tubercle bacilli may multiply wth little apparent restraint in the lungs and in 
some instances in the liver or spleen In association with scant antibody formation ^ 
there is multiplication of acid-fast bacilli w'lthin epithelioid cells with the pro- 
duction of lesions that recall those of leprosy 

SUMMARY 

Tubercle bacilli, both boMne and human, introduced into the blood 
stream of the rat remain viable in the lungs liver and spleen 


2 Lurie, kl B J Exper Med 55 31, 1932 
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Direct micioscopic examination of sections is an unsatisfactory method 
foi determining the numhci of living tuheicle bacilli and fails to demon- 
stiate them when few aie piesent Counting of colonies m cultures 
made nith weighed quantities of tissue, though subject to error caused 
by clumping of bacilli, determines moic exactly the relatne number of 
micio-oiganisms in internal organs at intervals aftei infection 

Bovine tubeicle bacilli on ariival in the lungs of rats after intra- 
venous inoculation inciease almost continuously so that great numbers 
are piesent aftei from two to six months I-Iuman tubercle bacilli on 
arrival m the lungs aftei intiavenous injection multiply, but the increase 
which occurs is much less than that with the box me type 

Bovine oi human tubercle bacilli that leach the lix'ci and spleen after 
intiavenous inoculation pcisist and in a few instances multipl) , multipli- 
cation is usually inhibited, howexei so that after six months the ax'crage 
miinbei is less than that at an eaiher period 



Case Reports 


METASTATIC ADENOCARCINOMA IN THE 
LOWER JAWBONE 

Rudolf Kronfeld, M D , D D S , Chicago, and Joseph P 
Weinmann, M D , New York 

As far as we have been able to ascertain, the histologic aspects of a 
metastatic tumor in the jawbone have been reported only once The 
reason for this is not that such metastases are rare but rather that the 
jawbones are almost never included in an autopsy or in a microscopic 
study of postmortem specimens This scarcity of published material 
was one of the considerations that prompted the present report A 
second was the possible correlation between the recent experimental 
work with transplantation of the epithelium of the urinary tiact and 
the osteogenic properties of carcinoma of the prostate 

Hofer ^ and Euler - reported the changes in bone in the presence of 
primary malignant tumors of the jaws Hofer was particularly con- 
cerned with the question as to which cells are responsible for the resorp- 
tion of bone However, in none of the cases reported by these two 
authors were there metastases from distant tumors Skillen,® on the 
other hand, described the changes in the maxilla and mandible of a 
woman of 40 years with carcinoma of the breast Most of the jawbone 
had been invaded by tumor metastases, in places the alveolar bone had 
been destroyed, and tumor cells lay in contact with the tooth surface 
Many good photomicrogi aphs illustrated this Throughout the jaws, 
simultaneous resorption of bone and formation of new bone were 
found No detailed clinical history of the patient was given, however, 
and no conclusions were drawn as to the possible significance of the 
changes observed m the bone 

report or A case 

A white man 63 years old was well until about six months before death At 
that time he experienced increasing pain in the joints, which made movement 
difficult and impaired his gait Pain developed in the chest He became pro- 
gressively weaker and lost 45 pounds (20 Kg ) m the last three months On 
his admission to the hospital a diagnosis of inoperable carcinoma of the prostate 
with extensive metastases was made The patient died of bronchopneumonia 

Autopsv — The postmortem examination disclosed adenocarcinoma of the pros- 
tate gland with metastases to the urinary bladder, rectal mucosa, liver, lungs, 
spleen, right and left inguinal lymph nodes, periaortic and iliac lymph nodes, a 

From the Foundation for Dental Research of the Chicago College of Dental 
Surgerj', Chicago, and the Department of Oral Anatomy, Columbia University 
Dental School, New York 

1 Hofer, O Ztschr f Stomatol 23 522, 1925 

2 Euler, H Deutsche klonatschr f Zahnh 43 701, 1925 

3 Skillen, W G J Am Dent A 17 1678, 1930 
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femur, a lumbai veitebra, the saciuni and ribs Tlicre was confluent broncho- 
pneumonia of the left lung Benign cortical adenoma was present in both adrenals 
Theie w'cre moderate h 3 "perti ophj'^ of the heart and sjphihtic aortitis Emaciation 
W'as marked 

Gloss Specimen — The specimen consisted of tlic upper and lower jaw'S, which 
had been remo\ed during tlic autopsy The teeth w'ere in poor condition, most 
of the anterior teeth W'cre missing, and, of the posterioi teetli, several had been 
destroyed bj^ canes, so that only the roots w'ere present The roentgenograms 
taken before decalcification re\ealed no significant conditions of bone that could be 
interpreted as indicating changes due to a tumor metastasis 

Method of Investigation — The jaws w’ere lived in solution of formaldehj'de 
U S P and alcohol and decalcified in 5 per cent nitric acid Then the upper 



Fig 1 — Bone and bone marrow in the upper jaw'bone of a man who died of 
carcinosis originating from an adenocarcinoma of the prostate A, gelatinous and 
fibrous bone marrow with a few fat cells , B, red bone marrow^ , C, compressed 
original connective tissue of the fibrous marrow, D, osteoclasts and Howship’s 
lacunae Afagnification, 65 

jawbone -was divided into eleven parts and the lower jaw'bone into nine parts, 
and the parts were embedded in celloidin (a prepaiation of pvrovylin) The 
sections were stained with hematovjdin and eosin 

Histologic Observations — (n,) Uppei Jaw'bone The upper jawbone w'as entireh 
free of tumor metastasis The bone marrow consisted of all three t 3 pes of mariow 
Most of the marrow spaces contained adult fat marrow In addition, there w'as 
a considerable amount of fibrous marrow, and scattered through the upper alveolai 
process were small islands of red cellular marrow Most of the bone surface 
was aplastic, only m some areas, where the red marrow seemed to have been on 
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the increase, was there lacunar lesorption of the surrounding bone trabeculae A 
typical area of this kind, taken from the upper jawbone, is shown in figure 1 
At A there is fibrous marrow with occasional fat cells embedded in an edematous, 
gelatinous-appearing matrix At B is an island of red marrow, probably of 
erythroblastic nature, it is surrounded by a narrow margin of fibrous tissue, C, 
which appears to be the displaced residue of the original fibrous marrow On 
the surface of the surrounding bone, numerous osteoclasts, D, are located in 
Howship’s lacunae 

These histologic changes in the upper jawbone maj be interpieted as secondary 
reactions to the emaciating disease of this patient Fibrous changes in the mariow 
of the jawbones are known to accompany chronic dental infection of the type 
piesent in this jawbone Gelatinous degeneration of the bone marrow is brought 
about by the Cachexia accompanying malignant disease Islands of red marrow 
are almost always found in adult jawbones However, in this person the progressive 
character of the change in the red marrow suggests a coi relation to the secondary 
anemia associated with carcinomatosis 

(b) Lower Jawbone The lower jawbone was of particular interest because 
of the extensive invasion of the metastasizing carcinoma It was impossible to 
determine from which side or along what pathway the invasion took place, because 
the bone was rather uniformly infiltrated throughout the mandible A general 
view of an anteroposterior section through the lower left third molar and the 
root fragments of the second molar is shown in figure 2, upper part Most of 
the bone marrow, except for the area at the alveolar crest, is densely infiltrated 
with tumor masses The tumor has also invaded the mandibular canal, MC, and 
m some places has come in contact with the tooth surface Along the mandibular 
canal, the tumor has grown from the adjacent cancellous bone through multiple 
resorption channels toward the inner bone surface of the canal (fig 2, lower part) 
Here its growth appears to have been temporarily checked by the dense fibrous 
sheath, C, surrounding the mandibular vessels and nerves, so that it spreads along 
the bone surface and has not yet invaded the nerve-vessel bundle proper In the 
vicinity of the tumor there is formation of new bone, NB The border between 
original and new bone is indicated by a dark cementing line The nature and 
significance of the new bone will be discussed in connection with some of the later 
illustrations 

Figure 3, upper part, shows a field in the compact bone of the outer cortical 
plate of the mandible m the region of the right first molar The larger haversian 
canals contain tumor masses, which follow the general course of the tissue spaces 
Along the walls of the invaded haversian canals, new bone is being laid down 
This IS particulaily plain in the laige haversian canal, H„, in which a mass of 
tumor cells is almost completely encircled by new, partly still uncalcified bone, B 
On higher magnification of one of the haversian canals, the character and arrange- 
ment of the tumor cells are visible (fig 3, lower part) The tumor consists of 
columnar cells, which in some areas are arranged definitely m the shape of acini The 
surrounding bone is co\ered with flat osteoblasts and with a layer of newly formed, 
uncalcified bone matrix (osteoid, D) 

The osteoplastic character of this carcinoma is particularly evident in areas 
like the one illustrated in figure A, upper,part, which shows the inside of a larger 
marrow cavity that is being m^aded by the tumor The original bone surface 
can be clearly recognized bj a cementing line (^J) Alongside the entire bony 
wall of the marrow space, abundant formation of new bone has taken place This 
bone has been laid down in delicate trabeculae, the surface of which is denselv 




Fig 2 — Upper Anteroposterior section through the lower left third molar (S) 
and the root fragment of the second molar (7) Note the diffuse carcinomatous 
infiltration of the bone mairow (A) and the invasion of the mandibular canal 
(MC) by tumor cells The area maiked with a square is shown below undei 
higher magnification Magnification, 4 

Lower Carcinoma breaking through the bone wall of the mandibular canal 
A, carcinoma in the fibrous bone marrow , B, carcinoma spreading beneath 
the endosteum lining the mandibular canal , NBj new bone in the vicinit}'^ of the 
tumor, C, fibrous sheath of mandibular vessels and nerves, D, mandibular nerve 
Magnification, 36 
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beset with osteoblasts There seems to be a definite tendency on the part of the 
bone to surround the islands and pegs of tumor cells This is shown m a high 
magnification of the newly deposited bone (fig 4, lowei part, which is the area 



Fig 3 — Upper Carcinoma invading the compact bone on the labial plate of 
the mandible m the first molar region Hi, Hs, haversian canals containing 
tumor acini , Hs, a large bone canal containing fibrous marrow and being invaded bi 
tumor cells , B, new bone surrounding the tumor cells Magnification, 65 

Lower High magnification of ha%eisian canal, Hs, shown in upper part A, 
acini of the adenocarcinoma, B, connective tissue stroma of the tumor, C, osteo- 
blasts, D, uncalcified new bone matrix Magnification, 275 
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marked by a square m fig 4, upper pail) At C, cross sections of small clusters 
of carcinoma cells arc visible They arc surrounded by bone, most of which is still 
uncalcificd Only in the center of the trabeculae has some calcification taken 



Fig 4 — Upper Portion of marrow cavity containing fibrous mariow A, 

connecting line indicating the original bone surface , B, tumor tissue , C, new bone 
trabeculae proliferating from the original bone surface toward the tumor Magnifi- 
cation, 32 The area marked with a square is shown below under high magnification 
Lower High magnification of the area marked with a squaic above A, 
old bone, B, cementing line, C, tumor cells, D, new calcified bone, E, newly 
formed, still uncalcified bone , F, osteoblasts Magnification, 283 
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place, as indicated by the dark blue hematoxylin stain The bone suiface stains 
only pale pink with eosin The widest layer of uncalcified bone matrix is at the 
ends of the trabeculae where the bone has been actively growing towaid the tumor 
cells that have invaded the fibrous bone marrow 

COMMENT 

It IS generally known that in about 70 per cent of all cases of cai- 
cmoma of the prostate the lesion is accompanied by skeletal metastases 
(Ewing Geschickter and Copeland^, Warren, Harris and Graves®) 
All of these are of osteoplastic character Although areas of resorption 
can usually be observed microscopically, the fonnation of bone far 
exceeds the destruction of bone Othei types of carcinoma also occa- 
sionally produce bone-forming metastases, but carcinoma of the prostate 
ranks first among those with osteoplastic metastases 

Several explanations have been offered for the osteoplastic reaction 
of the connective tissue to certain metastatic types of carcinoma 
Geschickter and Copeland suggested that the invasive power of the 
tumor IS low enough to allow the proliferating bone to keep pace with 
the invasion Thus, they look on this process as a form of protective 
reaction on the part of the bone Recklinghausen (cited by Ewing) 
attributed the formation of bone to a low grade chronic inflammatory 
reaction of the connective tissue He spoke of cai cinomatous ostitis, 
caused by obstruction and stasis in the capillaries of the bone marrow, 
produced by tumoi emboli, which resulted m reactive giowth of the 
connective tissue and bone Axhausen " emphasized the possibility, 
suggested first by Recklinghausen, that the carcinoma cells liberate 
substances that act as a chemical irritant and thus cause proliferation 
of bone This opinion is also given by Goetsch,® who uses it as an 
explanation for the occurrence of bone formation at a consideiable 
distance from the actual tumor tissue 

Recent experimental work of Huggins ® showed that transplantation 
of epithelium from the urinary tract into certain susceptible connective 
tissue areas results m the extraskeletal formation of bone The trans- 
planted epithelium itself does not become ossified, but bone develops 
in the connective tissue adjacent to the actively growing epithelial tissue 
In view of these observations, it might be suggested that the epithelial 
cells of the caicinoma of the prostate, being epithelium of the urinaiy 
tract, letain the power to stimulate osteogenesis in susceptible connective 
tissue There can be no doubt but that the connective tissue of the 
endosteum and bone marrow is more capable of reacting by the forma- 
tion of bone than any other connective tissue of the body 

4 Ewing, J Neoplastic Diseases, Philadelphia, W B Saunders Companv 
1934 

5 Geschickter, C F, and Copeland, M kl Tumors of Bone, New York 
American Journal of Cancer, 1931 

6 Warren, S , Hams, P N, and Graves, R C Arch Path 22 139, 1936 

7 Axhausen, G Virchows Arch f path Anat 195 358, 1909 

8 Goetsch, W Beitr z path Anat u z allg Path 39 218, 1906 

9 Huggins C B Arch Surg 22 377 1931 



690 


ARCHIVES OF PATHOLOGY 


Recently Ashbuin^® reported the occurrence of bone and cartilage 
within a primal y carcinoma of the prostate He referred to the work of 
Huggins as offeimg a possible explanation of this observation 

SUMMARY 

This lepoit deals with the extensive metastasis of an adenocarcinoma 
of the piostate to the mandible in a man of 63 years The connective 
tissue and bone mairow reacted to the invading tumor by extensive 
formation of new bone This bone was laid doivn in the immediate 
vicinity of the neoplasm, and pait of it is still uncalcified 

There is a possible coi relation between the osteoplastic reaction to 
this carcinoma and the expeiimental obseivalions of Huggins concerning 
the osteoplastic piopeity of epithelium transplanted from the urinary 
tract It IS suggested that the cells of this carcinoma retained their 
power to stimulate foimation of bone m susceptible connective tissue 

10 Ashburn, L L Arch Path 28 145, 1939 



PARAFFINOMA OF THE LUNG WITH SECONDARY 

tubercle-like lesions in the 

LIVER AND SPLEEN 


Henry Pinkerton, M D , and Vicente Moragues, M D , St Louis 

Two fairly distinct t^pes of lesion may be found as a result of the 
entrance of liquid petrolatum into the lungs by way of the trachea 

In 1925 Laughhn ^ called attention to an acute pneumonic process 
with peculiar histologic features, resulting from the aspiration of liquid 
petrolatum This lesion was accompanied by bacterial infection but not 
by conspicuous fibrosis, the consolidation of the lung tissue being caused 
largely by the accumulation of oil-laden phagocytes and other inflamma- 
tory cells in the alveoli and alveolar walls 

In 1927 Pinkerton - reported multiple firm fibrous nodules in the 
lungs of a 6 year old boy and showed that these tumor-hke nodules were 
composed of large globules of liquid petrolatum, embedded in dense 
hyaline fibrous tissue It was pointed out that these nodules were com- 
parable to the so-called paraffinomas produced by subcutaneous injec- 
tions of liquid petrolatum The identification of the oil was based on 
the facts that it did not blacken with osmic acid and that it was insoluble 
in absolute alcohol 

Although conditions m many respects intermediate between these two 
types have been described (Pinkerton^), it has recently been pointed 
out by Ikeda ^ that the recorded lesions resulting from the aspiration 
of oily or fatty substances fall more or less sharply into the two groups 
described The latter worker suggested that the early pneumonic process 
be called “lipoid pneumonia of the infantile type” and the late cicatricial 
nodular lesion “hpoid pneumonia of the adult type,” or paraffinoma of 
the lung (if liquid petrolatum is the material involved) This classifica- 
tion, though not entirely satisfactoiy, seems to be of considerable 
practical value 

Approximately 85 cases of the infantile type of lesion as defined in 
the foregoing paragraph had been repoited up to 1936 (Ikeda The 
majority of the patients were infants and children Pinkerton ^ showed 
that oily and fatty substances other than liquid petrolatum, notably cod 
liver oil, olive oil and milk fat, may be responsible for lesions of this 
general nature, and this has been substantiated by later observations 
The latter worker^ also showed experimentally that the reaction to 
cod liver oil is characterized by specific histologic features, the most 
characteristic of which are the shredding of the oil and the intense acid- 

From the Department of Pathology, St Louis University School of Aledicine 

1 Laughhn, A J Am J Path 1 407, 1925 

2 Pinkerton, H Am J Dis Child 33 259, 1927 

3 Ikeda, K Arch Path 23*470, 1937 

4 Pinkerton, H Arch Path 5 380, 1928 
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fast staining of the oil liy the Ziehl-Neelsen method, a propcity which 
It acqunes by oxidation in the alveoli Othei somewhat less reliable 
ciiteiia for identifying othei types of oil or fat were dcsciibed 

The adult type of lesion as defined in a foregoing paragraph 
(paraffinoma) has pioved to be of less fiequent occurrence, so far as 
one may judge by the cases lepoiled, although it should be pointed out 
that both types are piobably often ovei looked by pathologists not 
specifically seal clung for them A second case of this t)pe uas reported 
by Fischei-Wassels m 1933, six }cais aftei the fiist instance Ikeda^ 
found that 14 additional cases were reported between 1933 and 1936, 
and added 5 cases of his own In only 14 of these 21 cases, however was 
the diagnosis confiimed by ncciopsy, the diagnosis in the othei 7 depend- 
ing on clinical and loentgenologic evidence alone 

In the oiiginal case of paiaffinoma (Pinkeiton") liquid petiolatum 
\vas found m lelatively small amounts in the leticular tissue of the 
spleen, wdiere it had obviously been carried b} the blood stream In the 
case to be described here the left lung contained a single large 
paraffinoma, although the histologic picture m many other areas was 
much like that of the infantile t}pe of lipoid pneumonia Ihe case is of 
paiticular interest because of the fact that the hvei and spleen were 
studded wnth tubeicle-hke lesions, langmg up to 3 5 mm m diameter, 
which were found microscopicall) to be encapsulated masses of granular 
and globular material, consisting largely of liquid petiolatum The 
significance of this observation will be discussed latei 

REPORT or A CASE 

The patient w'as a 61 year old white man In this man, at tlic age of 41, 
following a febrile illness diagnosed as influenza, Ijpical paraljsis agitans de\ eloped 
It persisted up to the time of death During the fifteen jear period preceding 
death, precordial and substcrnal pain were complained of pcriodicalh, with pro- 
gressive dyspnea Swelling of the ankles w’as noted during the last ^ear of life 
Eight years before death nephrolithiasis was diagnosed, and four jears later a 
stone was removed from the right ureter During the last five jears of life there 
were frequent attacks of pharyngitis and bronchitis, with the collection of large 
amounts of mucus in the throat, and inci eased saluation, not rchc\cd by atropine 
Dec 8, 1938, the patient had a chill, wuth pain m the left side of the chest 
Auscultation disclosed rales in both lungs, and roentgen examination showed a 
picture which was interpreted as consolidation of a portion of the lower lobe of 
the left lung Sputum culture showed Pneumococcus type VI, and tw’o injections 
of 20,000 units of type VI seium w'ere given The red blood cell count w'as 
3,140,000, the white cell count, 12,450, with 70 per cent neutiophils The urine 
showed no albumin, sugar, casts or cells Death occurred December 13 

Unfortunately, information relative to the use of liquid petrolatum was not 
obtained from the patient, since the nature of the pulmonary condition was not 
suspected during life Subsequent questioning of friends and attending physicians 
brought out the fact that liquid petrolatum had been taken freely by moutb over 
a period of several years for the relief of seveie constipation 

Neaopsy — The body was emaciated, and there was pitting edema of the ankles 
and on the inner aspects of the thighs There w'ere fibious adhesions betw^een 

5 Fischer-Wassels, B Frankfurt Ztschr f Path 44 412, 1933 
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several loops of small intestine The heart was normal in size The descending 
branch of the left coronary artery was markedly calcified but not occluded, and 
the aorta showed advanced atheromatous changes throughout its entire length 

A layer of shaggy, yellowish white fibrinous exudate covered the lateral and 
diaphragmatic visceral pleura of the lower lobe of the left lung In the central 
portion of this lobe a hard mass was palpated On section, the mass was seen to 
be sharply circumscribed, irregularly nodular and roughly spherical in shape 
It was 4 cm in the greatest diameter Its central third was grayish black, from 
carbon pigment, and almost woodj'^ in consistency, while peripherally the tissue 
was grayish white and somewhat less firm The cut surface of the mass bulged 
slightly above the surrounding lung tissue Bands of scar tissue, radiating outward 
from the dense central core, divided the peripheral portion of the mass into several 
distinct secondary nodules, averaging about 1 cm in diameter In appearance and 
consistency this nodular mass was suggestive of primary or metastatic carcinoma 

Medial to the large fibrous mass was an area of firm grayish consolidation, 
interpreted as confluent bronchopneumonia This area represented about one fifth 
of the entire volume of the lower lobe of the left lung and extended downward 
to the diaphragmatic surface Laterally and somewhat anteriorly there was an 
irregular abscess cavity, 3 cm in the greatest dimension, lined with fibrinous 
exudate and surrounded by a heavy fibrous wall 2 to 3 mm in thickness This 
abscess was at a slightly lower level than the fibrous mass and separated from 
It by a wall of partially crepitant lung tissue about 1 cm in thickness From 
the abscess a sinus tract led to the pleural surface, which, as mentioned earlier, 
was covered with fibrinous exudate The relative positions of the paraffinoma, the 
area of pneumonia and the abscess are seen in figuie 1 There were several small 
areas of consolidation in the upper portion of the lower lobe of the left lung and 
also in the lower lobe of the right lung 

The liver was moderately enlarged The external and cut surfaces were studded 
with firm, grayish white nodules resembling miliary tubercles These varied in 
diameter from 0 5 to 3 5 mm , averaging 1 5 mm In many areas three or four 
of these lesions were seen per square centimeter of cut surface 

The spleen was about one and a half times the normal size The pulp was soft 
and studded with tubeicle-like lesions similar to those described m the liver 

The pelvis of the right kidney contained a large brown concretion, irregular 
in shape and with prolongations into the calices Nodules like those in the liver 
and spleen were not observed in either kidney at the time of the necropsy Unfor- 
tunately the kidneys were not saved for more careful examination later on 

Mtaoscopic E\amuiation — Sections of the hard nodule in the lowei lobe of 
the left lung showed the typical picture of paraffinoma (fig 2 A and B') This 
will not be described in detail, as it was entirely similar to instances previously 
reported by Pinkerton,^ Ikeda ^ and otheis Sections from the center of the nodule 
(fig 2 A) showed oil globules embedded in a dense hyaline keloid-like collagenous 
material Peripherally, the connective tissue was less dense and contained many 
inflammatory cells, with frequent giant cells surrounding oil droplets (fig 2 B) 
The area of pneumonia and the abscess showed the characteristic microscopic 
pictures of these conditions, but oil-laden phagocytes were numerous throughout 
Sections of smaller nodules from the upper part of the lower lobe of the left 
lung showed thickened alveolar walls lined with cuboidal epithelium, and oil-laden 
phagocj'tes were present in the alveoli and in the aheolar walls To this a 
picture of acute suppuratne pneumonia was added in manv areas Sections from 
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the nodules in the lower lobe of the right lung weic not labeled specifically, and 
as the right lung was not saved, no statement can be made regarding the nature of 
these lesions 

The oil droplets in the lung tissue did not stain at all with osmic acid, and it 
may be said here that oil collected from the surface of the solution of formaldehyde 
in which the lung tissue was kept was found to be insoluble in absolute alcohol 
and completely resistant to saponification 



Fig 1 — Drawing of the left lung, showing (A) the paraffinoma in the central 
portion of the lower lobe, (F) an area of pneumonic consolidation medially and at 
a slightly higher level and (C) an abscess cavity laterally and at a slightly lower 
level 

Peculiar vascular lesions, illustrated in figure 3 A, uere found in the aiteries 
and veins in several sections of lung tissue The lumens of these vessels contained 
globules of liquid petrolatum (as shown by the staining reactions) surrounded 
by fibrous tissue in such a way as to resemble normal adipose tissue The picture 
was like that of organized mural thrombi, the material organized being oil rather 
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Fig 2 — A, photomicrograph from a paraffin section of the lung, showing the 
histologic appearance of the dense central portion of the paraffinoma Spherical 
masses of oil, represented here by empty spaces, are embedded in a dense hyaline 
connective tissue Hematoxylin and eosin stain, x 100 B, photomicrograph 
from a frozen section of the lung, representing the peripheral portion of the 
paraffinoma The spherical masses of oil have been stained ith scarlet red , X 70 
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Fig 3 — thrombus-like lesion in a pulmonary arteriole, apparently resulting 
from organization of oil within the lumen of the vessel Hematoxylin and eosin 
stain , X 100 5, vacuoles representing droplets of liquid petrolatum in the reticular 

tissue of the spleen Hematoxylin and eosm stain, X 200 
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Fig 4 — A, tuberde-like lesion of the livei, with calcium and cholesterol crystals 
in the central core Hematoxylin and eosin stain , X 100 B, large tubercle-like 
lesion with hyaline center in the Ii\er Hematoxylin and eosin stain, X SO 
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than fibrin The mechanism of the pioduction of these lesions is not clear, and 
It IS difficult to understand how the oil gained access to the lumens of these vessels 
but it seems likely that these lesions may have been the starting point for oil emboli, 
which could have caused the peculiar nodular lesions in the liver and spleen 
It IS clear that these pulmonary lesions are not artefacts, since the organizing 
connective tissue was always continuous with that in the walls of the vessels 

The lesions in the liver and spleen were apparently identical, and scarlet red 
stains of frozen sections from the deeply pigmented bronchial lymph nodes revealed 
a number of similar lesions in these organs The central portion of each of these 
nodules was composed of an amorphous mass of globular and granular material 
staining deep red with scarlet red but not blackening with osmic acid Peripherallj , 
each nodule was encapsulated b}"- a wide zone of dense fibrous tissue Many of 
the nodules contained precipitated calcium and cholesterol crystals, as well as 
finely emulsified oil (fig 4 A) In addition to these encapsulated masses of oil, 
both the liver and the spleen contained large amounts of oil in the form of large 
globules and small droplets, sometimes intracellular and sometimes extracellular, 
often with surrounding giant cells (fig 3 B) None of the oil droplets m the 
spleen stained with osmic acid In the liver there was some infiltrated fat, w'hich 
could easily be distinguished from the oil by the fact that it stained with osmic acid 
No evidence of oil deposition w'as found m four sections of kidney tissue The 
kidneys showed focal areas of healed pyelonephritis but no evidence of glomerulo- 
nephritis or nephrosclerosis Brain, pancreas, heait and adrenal tissue w'ere also 
apparently free from oil deposits 

COMMENT 

In this case the neiuologic condition is undoubtedly of impoitance in 
explaining the aspiration of the oil In several of the reported cases, 
however, the paraffinoma has occurred in a peison without neurologic 
damage or other obvious factor predisposing to the entrance of oil into 
the tiachea 

It seems clear be3fond a reasonable doubt that the abscess, empyema 
and focus of bacteiial pneumonia weie. all secondary to the paraffinoma 
since all three occurred m close proximity to it The constriction of 
bronchioles and blood vessels involved in the aiea of scar tissue may be 
regarded as a factoi favoiing bacteiial infection In this respect, the 
oil, with the associated fibiosis, may be considered as acting like any 
other foreign body 

The tubercle-like lesions m the liver and spleen, which were shown 
to be composed of encapsulated liquid petrolatum, are of particulai 
interest Such lesions have not previously been descnbed It seems 
probable that they originated in blood vessels, although this could not be 
definitely demonstrated Their microscopic appearance w^as not sugges- 
tive of tuberculosis 

Young and co-workers ® recently reported a pulmonary oil tumor in 
which severe renal damage is believed to have resulted from the 
metastatic deposition of oil in the glomeiuli and blood vessels of the 
kidney The aspirated material was believed to be cod liver oil, and 
the vascular origin of the lesions was obvious The possibility that 
serious damage may be done to various organs by liquid petrolatum, 

6 Young, A M , Applebaum, H, and Wasserman, P B JAMA 
113 2406, 1939 
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cod liver oi other types of oil gaming eiitiance to the ciiculating blood 
IS woitliy of furthei consideration, especially in view of the probability 
that such foreign substances may be absorbed fiom the intestine to some 
extent without chemical alteiation 

summary 

A case of paiaffiiioma of the lung with terminal abscess forma- 
tion, bronchopneumonia and empyema is desciibed pathologically The 
abscess was apparently secondai}’- to constriction of a bronchiole involved 
m the cicatiicial tissue of the paiaffiiioma Organized masses of liquid 
petrolatum, lesemblmg inuial thiombi, weie found within the puhnonaiy 
vessels The liver and spleen weie studded with tubercle-hke lesions, 
0 5 to 3 5 mm m diainetei, which weie found inici oscopicall)^ to be 
encapsulated masses of liquid petrolatum, with the addition, m some 
instances, of calcium and cholesterol ciystals These peculiar lesions 
m the liver and spleen weie undoubtedly secondai y to the paraffinoma 
and probably embolic 



TOPHUS OF THE MITRAL VALVE IN GOUT 


JosFPH J Buniai, MD, and Currifr ;^^cE^\Fv, !M D , Niw York 

While urate cr3'stals ma}^ be deposited in numerous structures of 
the body in the couise of clnonic gout, they are rarely found in the 
endocardium Contraiy to the imjnession given b}^ modem texts, authen- 
tic leports of endocaidial or valvular tophi aie few indeed In some cases, 
tiaces of line acid, enough to yield a positive reaction m the murcxide 
test, simply impiegnate an old calcaieous deposit Foi example. Coup- 
land,^ m 1873, lepoited befoie the London Pathological Society that at 
autopsy on a patient ivho had had gout foi eighteen yeais he found that 
“the aortic valves w'eie the seat of a deposit stnkingly like the gouty 
deposits occLiiimg in the neighboihood of joints and not at all resembling 
calcified vegetations ” But on submitting the specimen for chemical 
analysis he leceived the leport that “an indication of the piesence of 
uiic acid IS obtainable by murexide test, but tbe bulk of the concietion 
IS composed, as usual, of phosphate and caibonate of lime” Indeed, 
Lancereaux - repoited a case of interstitial nephritis terminating m 
uremia, and though the patient show'cd no evidence of gout, uiic acid 
w^as deposited on the mitral valve JMoore '* published the complete 
autopsy protocols of 80 patients wuth chronic gout observed m St 
Bai tholomew^ Hospital, and ni not a single instance was an endocardial 
tophus mentioned Garrod ^ w^rote, “I have carefully examined the 
deposits found on the valves of the heart and the atheroma fiom the 
aorta of several gouty patients wdio had extensive chalk-stones m dif- 
ferent parts of the body, but have failed to discovei the least trace of 
unc acid ” He quoted Landerer, wLo found in a patient a w^hite deposit 
on the innei surface of the aoita, said to consist chiefly of calcium phos- 
phate and calcium carbonate wutli about 14 per cent ui ic acid, and Lob- 
stem, who found m a patient a deposit on the initial valve wdnch had 
a similar composition Duckw^oith,® in his treatise on gout, wuote that 
he knew'- of no authentic case of gouty endocaiditis 

The case wdnch w'e hai e observed is therefore of considerable interest 

REPORT or A CASE 

A white man of 63 years, a painter, was admitted to the Third (New York 
University) Aledical Division of Bellevue Hospital on Februaiy 13, in a stuporous 

From the Third (New York University) Medical Division and the Pathological 
Laboratories of Bellevue Hospital and the Department of Aledicine of New York 
University College of Medicine 

1 Coupland, S Tr Path Soc London 24 69, 1873 

2 Lancereaux, E Gaz med de Pans 23 187, 1868 

3 Aloore, N St Bartholomew’s Hosp Rep 23 289, 1887 

4 Garrod, A B Treatise on Gout and Rheumatic Gout (Rheumatoid 
Arthritis), ed 3, London, Longmans, Green & Co, 1876, p 204 

5 Duckworth, D A Treatise on Gout, Philadelphia, Blakiston, Son & Co, 

1889 
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state, unable to give a detailed history For the past twenty years he had noted 
laige nodules over the elbows and knees with deformity and stiffness of the 
small joints of the hands, wrists and knees During the past six years cheesy 
material escaped from ulcerated surfaces over both tibias The family, past medical 
and dietary histones were unobtainable 

On admission he appeared stocky and well nourished but apathetic and seriously 
ill He was only slightly dyspneic, not orthopneic or cyanotic Large tophi, 
several centimeters in diameter, were situated symmetrically just distal to the 
olecranon and patella The olecranon and prepatellai bursae, as well as those over 
the dorsal aspects of both wrists, were distended, irregular and cystic, although not 
tender The hands were clawhke and showed interosseous wasting, ulnar devia- 
tion of the fingers, fusiform swelling of metacarpophalangeal and of several 
proximal interphalangeal joints The extensor tendon sheaths of several fingers 
were distended and fluctuant Numerous tophi were distributed over both hands 
near the digital articulations Paronychial suppuration of one finger and one toe 
was noted (fig 1 A) There were no tophi in the auricular cartilages 

On the anterior surface of the middle third of each tibia appeared an irregular 
deep ulcerated area, about 5 cm in diameter, discharging blood and white cheesy 
material (fig IF) The latter was soft, not gnttj, and a murexide test was 
positive Microscopically, it consisted of long needle-hke urate crystals 

The eyegrounds showed sclerotic vessels with ai teriovenous compression and 
irregular areas of retinal degeneration The cardiac apical impulse was not 
palpable, the rhythm was regulai and the rate 100 per minute No gallop or 
murmurs were noted There were no signs of heart failure The blood pressure 
was 200 systolic and 98 diastolic An electrocardiogram presented a low, diphasic 
T in lead I and sinus tachycardia, with a rate of 110 per minute The rest of 
the physical examination gave negative results The temperature was irregular, 
fluctuating between 99 and 103 F 

The specific gravity of the urine varied from 1 010 to 1 015, a trace of albumin 
was consistently present, and there were 10 to 15 red blood cells and 5 to 10 
white blood cells per high power field, and also finely gianular casts The blood 
showed 3,150,000 red cells, 14,000 white cells, with a normal differential formula, 
and 70 per cent hemoglobin The blood nonprotem nitrogen varied from 112 to 
150 mg and uric acid from 7 3 to 9 0 mg per hundred cubic centimeters (Folin 
method) , the blood creatinine level was 2 5 mg per hundred cubic centimeters 
The roentgen findings were characteristic of gout 

The patient followed a progressively downward course, becoming irrational, 
delirious, incontinent and finally comatose He died thirteen days after admission 
The clinical diagnosis was gout and chronic diffuse glomerular nephritis 

Autopsy — Autopsy was performed within twenty-four hours after death The 
external appearance conformed to the clinical description given 

The heart weighed 570 Gm and showed preponderant left ventricular hyper- 
trophy Close to the free border of the posterior mitral leaflet appeared a sharply 
circumscribed concretion, 4 cm long and about 0 5 cm thick Material removed 
from this concretion consisted of long needle-hke crystals resembling those of 
sodium urate There were no endocardial ulcerations or vegetations Within the 
anterior mitral leaflet a few yellowish atheromatous plaques were seen The 
tricuspid, pulmonary and aortic valves were normal The coronary arteries showed 
diffuse sclerosis with mild narrowing The aorta showed moderate atherosclerotic 
changes 
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The k:dnej's weighed 150 Gm each and were pale gray The capsule was 
adherent and could not be stripped without adherent parenchyma The sur- 
face was made up of fine and coarse nodules with an occasional large cyst 



Fig 1 — A, patient’s upper extremities Note the tophus at the left elbow B, 
patient’s lower extremities Note prepatellar bursae and ulcers discharging uric 
acid crystals 


On cut sections no sharp demarcation between cortex and medulla was present 
Numerous cysts 0 5 cm in diameter were noted There were several pinhead and 
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slightly larger grayish white foci in the medullary rays The remaining struc- 
tures were normal on gross examination 

Micioscopic Obsci rations — Sections were taken thiough the posterior mitral 
leaflet These were fixed in paiafiin without decalcification and stained with hema- 
toxylin and eosin The posterior leaflet showed slight fibrous thickening of the 
proximal one-third and bulbous enlargement of the distal two-thirds In the latter 
were large circumscribed masses of amorphous eosinophilic material, surrounded 
by fibrous tissue, in which were many multinucleated giant cells of the foreign 
body type, histiocytes, a few lymphocytes, plasma cells and fibroblasts There were 
capillaries and thick-walled vessels m the distal part of the leaflet surrounding 
the concretions There was no vascularization of the proximal portion of the leaf- 











' -sj^i "> 


^ ** ^ 




:^=>* ‘ - - r , " _ , 


h-r 






■VT' 


Fig 2 — Gouty tophus embedded in posterior mitral leaflet , X 12 


let The overlying endocardium was intact The annulus showed slight fibrous 
thickening with radiating interfascicular extensions The endocardium of the 
posterior left auricular wall appeared normal 

Sections through the anterior mitral leaflet showed slight fibrous thickening of 
the senescent type, without vascularization or inflammation 

In the myocardium there was slight interfascicular fibrosis radiating from some 
of the medium-sized branches of the coronary arteries The smaller coronary 
arteries showed definite intimal thickening 

The aorta showed marked intimal thickening and large atheromas The 
arterioles of the spleen and pancreas presented marked intimal hyaline thickening 
Sections through the kidney showed diffuse alterations The glomeruli were 
only slightly reduced in number, but few normal glomeruli were present The 
majority showed slight thickening of the basement -membrane with simplification 
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of the tuft A sniallei nunibei sliowcd var 3 Mng degrees of Inaliniration of tuft 
and Bowman’s capsule The inteistitial tissue sliowed a slight diffuse increase 
with focal lymphocjtic infiltration The afferent glomerular arterioles presented 
pronounced subendothehal hj’^ahne thickening, and the interlobular and arcuate 
arteries exhibited marked intimal h 3 ’'pcrplasia with diminution of the lumens of 
the vessels There were occasional small adenomas m the coi tex, and m the medulla 
were several mihar 3 ’- and larger foci of amorphous eosinophilic material, surrounded 
by foreign bod 3 '^ giant cells 

Pathologic Diagnosis — The final diagnosis was numerous subcutaneous tophi, 
a urate conci etion in the posterior mitral leaflet , coronar 3 arteriosclerosis , h 3 'per- 
trophy and dilatation of the cardiac chambers , atherosclerosis and diffuse artcriolo- 
sclerosis of the aorta and Msceral \cssels, ad\anced arterial and arteriolar 
nephrosclerosis wnth urate deposits in the renal medulla and cortical adenomas , 
lobular pneumonia, pulmonary edema and puhnonan arterial thiombosis or 
embolism 

Chemical Analysis — (Dr Isidor Greenw'ald and Dr Solomon H Rubin) The 
material remo\ed from the mitral tophus w’as submitted to the Benedict and Franke 
test for uric acid, as w'cll as to the nnircxidc test, both of which w'ere strongh 
positive The sample also contained cholesterol No calcium or phosphates were 
present The material was insufficient foi quantitatne studies 


COMMHNT 

Theie seems to be enough evidence to wairant the conclusion that 
the conci etion encountered in the posterior initial leaflet w'as a tophus 
of uric acid crystals This conclusion is based on the micioscopic 
appeal ance of the crystals, the absence of an} basophil mateiial m unde- 
calcified sections of the mitral valve and the chemical analysis, which 
showed presence of uric acid and absence of calcium It is notewoithy 
that the conci etion 3vas situated in a valve showing little, if any, evidence 
of pievious inflammatoiy changes 

Pathologic alteiations of the type noted in the kidney are not unusual 
in cases of chiomc gout They have been described b} many obseivers 
Schnitker and Richtei leviewed 55 cases of gout studied at the Peter 
Bent Brigham Hospital, Boston, and found that 17 of the patients 
showed clinical evidence of nephritis , 5 died in uremia 

While the diagnosis of gout m this case offered no difficulty, it is 
interesting to note that many of the clinical signs resembled those fre- 
quently seen m iheumatoid arthiitis " 

SUMMARY 

A case of chionic gout with a uric acid tophus deposited m the 
mitial valve is repoited No clinical signs of this unusual lesion 3vere 
present 

6 Schnitker, M A , and Richter, A B Am J M Sc 192 241, 1936 

7 Ludwig, A O , Bennett, G A , and Bauer, W Ann Int Med 11 1248, 

1938 



Laboratory Methods and Technical Notes 


BIEBRICH SCARLET-PICRO-ANILINE BLUE A NEW 
DIFFERENTIAL CONNECTIVE TISSUE 
AND MUSCLE STAIN 


R D Lit 1 1!, Jil D, Washinmon, D C 
Suigcon, United States Public Health Service 


In the couise of cmieiit studies on the staining of connective tissue, 
a veiy successful combination, based on the technics of Van Gieson, 
Malloiy and Masson, was encounteied This technic, which may be 
Gained thiough in less than twenty minutes on paraffin sections of 
loutine material fixed m solution of foimaldehyde, demonstrates base- 
ment membranes in i enal glomeruli and intestinal mucosa and also much 
of the leticulum of lymphadenoid structures, and stains biilhantly the 
usual connective tissues in sharp contrast to muscle and cytoplasm 

DESCRIPTION or TECHNIC 

Paraffin sections of material fixed in solution of formaldehyde, U S P (1 part 
to 4 parts oi 1 part to 9 parts watei), Oith’s fluid or Zenker’s fluid are deparaffin- 
i/ed and brought to 80 per cent alcohol as usual The material fixed in Zenker’s 
fluid IS treated with iodine and then with thiosulfate as usual 

1 Stain five minutes in Weigeit’s acid-iion chloride-hematoxylin or othei 
s milar iron-hematoxylin stain 

2 Wash in water 

3 Stain four minutes in a solution made as follows Biebrich scailet, 0 2 Gm , 
glacial acetic acid, 1 cc , and distilled watei, 100 cc 

4 Rinse in water 

5 Stain four to five minutes m a fluid made as follows aniline blue W S , 
0 1 cc , and saturated aqueous picric acid, 100 cc 

G Wash three minutes m 1 per cent acetic acid m water 

Dehydrate, clear and mount In this laboiatory an acetone, acetone-xylene, 
ylenc, salicylic acid balsam senes is used 

Red coipuscles are orange scarlet, muscle deep salmon pink, cyto- 
jilasm giay to pink, nuclei black, basement membranes, reticulum and 
finely fibiillar connective tissue deep blue, and coarse and hyahnized 
connective tissue basically blue but perhaps showing red-violet areas 

From the Division of Pathology, National Institute of Health 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc — Lauren V Ackerman, of tiie University of California Medical School, 
has been appointed pathologist to the Ellis Fischel State Cancer Hospital, 
Columbia, Mo 

The Committee on Scientific Research of tlic American Medical Association 
has awarded a grant to L J Meduna, F J Gerty and V G Urse, Lojola 
University, Chicago, for a study of the biochemical changes in patients with 
schizophrenia under treatment with metrazol, which was oiiginated by Dr itfcduna 

William H Taliafet ro, of the Uni\ ersity of Cliicago , Karl F klcj er, of the 
University of Califoima, James B Murph>, of the Rockefeller Institute for 
Medical Research, Stephen W Ranson, of Northwestern University, R E 
Shope, of the Rockefeller Institute, Princeton, George W Corner, of the Uni- 
versity of Rochester, and Carl F Con, of Washington University, St Louis, 
have been elected to membership in the National tAcademy of Sciences 

Cah'in B Coulter, associate professoi of patliologj' m the Long Island College 
of Medicine, Brooklyn, and bactei lologist in chief at Kings Countv Hospital, has 
died at the age of 52 years 

Award — W H Sebrell, suigcon. United States Public Healtli Service, shares 
111 the Mead Johnson & Company aw aid foi "the most outstanding work on 
vitamin B complex in Noith Ameiica in 1939” 

Fellowships — The Finney-Howell Reseaich Foundation, Baltimore, has 
renewed seven fellowships foi research on the natuie and ticatment of cancer 
and has awaided seven new fellowships for the same pin pose Tlie closing date 
for filing applications foi awards for 1941 is Januarv 1 next 

Society News — The sixth Intel national Congiess for Experimental Cjtologv, 
which was to have been held in Stockholm, Sweden, from Julv 25 to August 1, 
has been postponed indefinitely 

The Illinois Society of Patliologists was oigani/ed on April 6, 1940, with 
J J Moore as piesident, O T Schultz as vice piesident and I Davidsohn as 
secretary-treasurer 
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Abstracts from Current Literature 

To S-WE Space the Original Titles of Abstracted Articles Sometimes 

Are Shortened 


Pathologic Anatomy 

Traumatic Autotranspi antaiion or Splinic Tissue S Jarciio and D H 
Anderson, Am J Path 15 527, 1939 

Two cases are piesented in which a person who had undeigone splenectomy for 
splenic rupture was subsequently found to have numerous nodules of spleenlike 
tissue scattered throughout the peritoneal cavity Mention is made of 8 additional 
cases gathered from various sources and of 4 cases in which no definite history of 
trauma was available In 2 of these the spleen and the left kidney weie shrunken, 
scaried and distorted Seveial analogous cases of a similar condition m an animal 
are cited from the literature The experimental evidence is summaiized, and it is 
shown that splenic tissue is susceptible to autoplastic transplantation The “splen- 
oid" theroy is desciibed and is shown to be a gratuitous assumption, inadequately 
supported by evidence It is concluded that the aforementioned nodules found in 
the peritoneum and omentum of persons who had undergone splenectomy for trau- 
matic rupture of the spleen are due to autoplastic transplantation of particles of 
spleen torn loose from the mam body of splenic tissue and disseminated m part by 
the aid of hemorrhage From Authors’ Summary 

Intracranial Aneurysms C A McDonald and M Korb, Arch Neuiol & 
Psychiat 42 298, 1939 

McDonald and Korb tabulated 1,125 cases of, verified arterial aneuiysm at the 
base of the brain and added 2 of their own The earliest reeorded cases date back 
to the middle of the eighteenth century, the latest, to 1937 Four bundled and seven 
contributions have been perused and arranged chronologically according to the year 
of publication In 48 per cent of the cases the aneui ysm was located at the internal 
carotid aitery or at the middle cerebral aitery, m 15 per cent, at the anterioi com- 
municating artery, and in 28 pei cent, posteiioi to the internal carotid aitei> 
The youngest patient was aged lj4 years, the oldest, 87 The pathologic changes 
piesent m 67 3 per cent weic m the form of sclerosis of the aiteiies, mycotic emboli 
and syphilitic changes George B Hassin 

Squamous Metaplasia, Simulating Carcinoma, Associated with Prostatic 
Infarction O S Culp, Bull Johns Hopkins Hosp 65 239, 1939 

Oiilj 1 pievious case of metaplasia m the piostate associated with infarction has 
been found recorded in the literatuie Eight patients, presenting a total of 11 
typieal infaicts of the prostate, were studied, and in each one squamous epithelium 
was noted along the periphery of the infarct In 5 of these patients the cellular 
changes had been interpreted previously as eaily carcinoma The squamous cells in 
all were confined to the margins of the infarct, and the remainder of the prostatic 
tissue showed only typical benign glandular hyperplasia Four of the patients are 
living and well as long as eight years after prostatectomy and have given no 
clinical or roentgen evidence of carcinoma Three patients died from other causes 
and no metastatic lesions were found at autopsy From the evidence presented in 
this study it seems clear that squamous metaplasia simulating carcinoma fiequently 
occurs along the margin of the prostatic infarct This condition should not be con- 
fused with the very rare squamous cell cai emoma of the prostate 

From Author’s Summ'\r\ 
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Liver Necrosis Foliowing Burns, Simuiating hie Li signs oi Yiiiow Fever 
T H Belt, J Path 8. Bact 48 493, 1939 

Four patients with extensive superficial burns who died witliin four dajs pre- 
sented severe damage of tlie liver with niidronal necrosis Councilman lesions and 
intranuclear inclusion bodies These findings were practicall} indistinguishable 
fiom those occurring in yellow fever Author’s Semm\ry 


Embolic Mvocarditis S m Navasqui 7, J Path &. Bact 49 33, 1939 

Myocardial lesions, the characters of which arc defined, wcic encountered in 19 
of 20 cases of subacute bacterial endocarditis (95 per cent) I Iiesc lesions dc\ doped 
as a result of embolism of the coionarj' arteries or arteiioles, the emboli being 
fiagments of \egetations which vaiied in size and bacterial content They w'erc 
specific only so far as they sliow'cd evidence of embolism .md poljmorphonuclear 
cell reaction There was no demonstrable lelationship to the degree of cardiac 
failure, the cardiac \ahe affected, tlie character of the \egetation or the duiation of 
the disease From Author’s SuMMAia 


Silicosis of the Spieen ami the Shicotic Nodlie T II Belt, J Path &. 
Bact 49 39, 1939 

The silicotic nodule in its mature form has the following distincti\e characters 
1 There is a central focus of argentophil cellular remnanls and dust 2 There is a 
redundant avascular collagenous capsule wdiich contains little or no dust 3 T here 
is a characteristic sihcious ash after microincincration 4 Though there is no 
definite quantitative correlation between the silica and the lesion, the silica content 
of the tissue as a whole is in excess of the normal range 

From Author’s Summ\r\ 

Basal Cells of the Cervix Uteri R Cxrmiciivei and B L Jl-vierlsox, J 
Path & Bact 49 63, 1939 

Small, poorly differentiated basal cells arc present in patches, often exceeding 
1 mm in diameter, in the endocervical epithelium of almost all human cer\ ices , thes 
may occur either in the glands or at the surface of the canal and arc usuallj more 
abundant in the upper half of tlie canal They are apparenth an undifferentiated 
product of the primitive cervical lining and probablv act as resei\e depots from 
which regeneration can take place after extensne destiuction of the ordinary mucus- 
forming epithelium From Authors’ Summar\ 

Myocardiai Scars T E Low'e, J Path & Bact 49 195, 1939 

In a sei les of 5 cases the myocardial scars in the ventricles are i econstructed and 
described in detail These scars are shown to haee an anatomic position consistent 
w'lth their being portions of one of the various muscle groupings of the ventiieles 
It IS suggested that they represent the end stage of myocaidial infarction due to 
interference with the blood supply to a portion of a muscle bundle, though this is not 
necessarily the result of coronal y thrombosis or embolism 

From Author’s Summvry 


Intramesenteric Diverticuium or the Smvii Intestine J Mellgren, 
Virchows Arch f path Anat 302 677, 1938 

A 15 cm long intiamesentenc diverticulum of the small intestine furnishes the 
basis of a thorough review of the literatuie i elating to this anomaly and of a 
discussion of the theories advanced to explain the condition Chaiacteristic ot 
such diverticula are their mtramesentei ic situation, their relative length, then 
gross and microscopic similarity to the noimal intestine and their blind ending 
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In the author’s opinion, they are derived from the omphalomesenteric duct, but 
additional abnormality of development of the first part of the intestine must occur 
to account for the intramesentenc situation of the diverticulum 

O T Schultz 

Parasitic Posterior Reduplication of the Head H Kahrmann, Virchows 
Arch f path Anat 302 742, 1938 

Kahrmann describes 2 examples of a rare monstrosity characterized by the 
presence in the midline of the back of a reduplicated fetal head The condition 
IS the result of a second and incomplete invagination at the time of gastrulation 

O T Schultz 


Microbiology and Parasitology 


Growth and Metabolism of Tubercle Bacilli R R Henley and P W 
LeDuc, Am Rev Tuberc 40 313, 1939 

Studies were made of the growth, metabolism and tuberculin production of 
cultures of Mycobacterium tuberculosis, human type, PN strain, on mediums con- 
taining different proportions of glycerol and of nitrogen from different sources, 
chiefly asparagine, glycine and the ammonium salts of glutamic, malic and malonic 
acids The production of acids was related to the proportion of glycerol present 
and to the source and proportion of nitrogen, but not to the amount of growth, 
nor to the rate of growth, nor to the amount of glycerol consumed On mediums 
containing nitrogen at high levels cultures always became alkaline during the 
earlier stages of growth when the nitrogui was derived from asparagine, glycine, 
ammonium malate or ammonium glutamate On malonate mediums under like 
conditions cultures first became acid, then, as the glycerol supply was depleted, 
the pa values tended to rise With the five sources of nitrogen mentioned, a 
definite relation was found between the glycerol-nitrogen ratio of the medium and 
the final reaction of the culture, the higher the ratio, the more acid the culture 
tended to become With each of the five sources of nitrogen, the yield of bacteria 
obtained was dependent on, but not proportional to, the amounts of glycerol and 
nitrogen present Yields approximating 2 Gm of bacteria, dry weight, in 100 cc 
of medium were obtained with each source Under favorable conditions yields of 
10 Gm of bacteria were obtained from each gram of nitrogen, but under no con- 
ditions did the yield exceed 0 38 Gm of bacteria per gram of glycerol In mediums 
containing available nitrogen at high levels the glycerol supply was exhausted 
about the time the maximum weight was reached, at low levels glycerol continued 
to disappear after the bacteria stopped increasing in weight The nitrogen metab- 
olism in cultures on asparagine medium was studied When they became acid, the 
fall in pn value occurred about the time that the filtrate nitrogen was reduced to 
a minimum No consistent relation was detected between the final pa value and 
the residual ammonia in the filtiate Potent tuberculins were obtained from cul- 


tures grown on mediums in which nitrogen was supplied by an}’’ of the five sources 
of nitrogen mentioned The conclusion was reached that the nitrogenous con- 
stituents of the medium are the chief source of the alkali and that glycerol is the 
chief source of the acid, which is probably produced as an intermediate oxidation 


product and is in turn oxidized 


H J CORPER 


Experimental Transmission of Poliomyelitis to the Eastern Cotton Rat, 
SiGMODON Hispilus Hispidus C Armstrong, Pub Health Rep 54 1719 
1939 

The first symptoms of poliomyelitis noted in the cotton rats were a roughened 
appearance of the fur and a tendency to react by violent jumping when agitated 
Flaccid paralysis developed in all animals which 'were considered affected The 
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legs were paralyzed in all combinations, and respiratory difficulty developed in 
several, with the respiiatory rate falling as low as 30 per minute in some Two 
rats with respiratory failure died, the others were etherized A number of other 
rodents were inoculated with the Mrus utilized in this studj, including groups of 
Swiss mice, in which successive transfers were made, but no positive results were 
secured in animals othci than the cotton rats The eastern cotton rat is not 
VICIOUS, and it multiplies leadily in captivity It is hoped, therefore, that when a 
sufficient supply becomes aiailable and the most susceptible age is determined, the 
cotton rat may prove to be a cheap, convenient and useful laboratory animal for 
the study of poliomyelitis It is conceivable, however, that the results secured 
may be due to some pecuhaiitics of this particular strain of virus 

From Author’s Summarv 


Infectious Polvartiiritis or Rvts W A Coilifr, J Path & Bact 48 579, 
1939 

In Rattus nonegicus a spontaneous pol}arthiitis was observed, which was 
readily transmitted to white rats and field rats (Rattus bre\icaudatus) by plantar, 
subcutaneous, intraperitoneal, intrapleural and intiacerebral injections, character- 
istic polyarthritic symptoms ensued For some rats the disease was fatal, others 
recovered, though in manj of these the swelling of the joints persisted All efforts 
to isolate a micro-oiganism of dialogic significance from tlie inflamed joints or 
from the organs have failed On the other hand, bacteriologicall> sterile organs 
produced the disease on inoculation into other rats The agent was found not 
only in the inflamed joints but in the blood, brain, lungs, pleural c\udate, liver, 
spleen and peritoneal exudate The agent was also present in animals in which 
no symptoms followed infection Once the disease had been overcome there was 
distinct immunity to reinfection Animals in which symptoms in the joints have 
lot disappeared generally piove to be immune to subsequent inoculation, as do 
those which showed no signs of disease after the first injection In no instance 
have complement-fixing, precipitating or neutralizing antibodies been discovered 
in the serum of immune rats Author’s Summary 


Tubercle Bacilli in Persons Ciinicaily Not Tuberculous A Svenz and 
G Canetti, Ann Inst Pasteur 62 361, 1939 

Organisms were found directlj", with difficulty or not at all in tissues obtained 
at autopsy from 76 tuberculous adults who clinically were called nontuberculous 
The tuberculin test on the inoculated guinea pig, periodically repeated, was a 
more sensitive indicator of infection than cultures Some four fifths of the 
caseous or calcified lesions, as well as some fibrous lesions, appeared to be sterile 
Sterilization seemed to be a function of histologic maturity, depending thus on the 
site infected and on the age of the subject, older subjects in whom the rapidity of 
healing vas retarded showed less sterilization Sixty per cent of the tracheo- 
bronchial lymph nodes examined showed organisms, whether or not they appeared 
normal The studies suggest that persistence of hypersensitivity in the adult is 
due not so much to continued vurulence of the lesions of primary infection as to 


successive reinfections 


From Authors’ Summary 


Immunology 

A. Skin Test for Detectixg Group C Hemolvtic Streptococcic Infection 
Causing Epizootic Lymphadenitis in Guinea-Pigs J K Moen, J Exper 
Med 64 553, 1936 

A skin test with a crude bacterial extract prepared from group C (Lancefield) 
hemolytic streptococci was used as a means of detecting possible earners of the 
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streptococcus causing epizootic lymphadenitis in guinea-pigs A positive reaction 
similar to a positive tuberculin reaction was considered presumptive ev idence of 
present or recent infection with this streptococcus In 330 supposedly normal 
guinea-pigs 20 positive reactors were found Over a period of fifteen months 
195 negatively reacting animals used as a breeding stock y lelded 1 ,296 progeny , 
none of the breeding stock or their piogeny showed evidence of spontaneous 
lymphadenitis Skin tests of 100 of the progeny were all negative Ihe use of this 
skin test as a means of obtaining breeding stock free from the streptococcus 
causing spontaneous liinphademtis is suggested 

From Authors Summary 


The Specific PoL\s\ccHARiiins or Types I, II ami III of Pneumococcus H 
Heidelblrgfr, F E Kendall and H W Schfrp, J Exper A'led 64 559, 
1936 

The thermolabihtj of the specific polysaccharides of types I, II and III of 
Pneumococcus has been shown by three independent observations (1) diminution 
of the viscosity of solutions on heating, (2) decrease in the amount of antibody 
precipitated from homologous rabbit antiserums and (3) increased tendency 
(S III) to pass through a collodion membrane Ihese effects may be explained 
most simply as a partial depolymerization under the influence of heat In air, 
particularly in the presence of broth, oxidation also appears to be involved Im- 
proved and simpler methods of preparation based on these findings are given for 
A I, S II and S III The resulting products precipitate more anti-S from homol- 
ogous labbit antiserums than do the earlier preparations The methvl glycoside 
of methyl galacturonate has been isolated from the hydrolj tic products of A I and 
evidence of the ultimate structural unit obtained 

From Authors’ Summary 


Hypersensitivexess and Antibody Formation in Tuberculous Rabbits J 
Freund, E H Laidlaw and J S Mansfield, J Exper Aled 64 573, 1936 

Rabbits infected with bovine tubercle bacilli acquire hjpersensitiveness to 
tuberculin, intracutaneously injected This sensitiveness appears in the period from 
the second to the sixth week after infection and increases rapidly thereafter Tests, 
as a rule, show fluctuation in the intensity of the sensitization Sensitization is 
followed by an interval of several weeks preceding death during which the animals 
fail to react Rabbits infected with bovine tubercle bacilli form antibodies that 
fix complement in the presence of tubercle bacilli The antibodies appear after 
two weeks, increase during six to ten weeks and peisist until the animals die In 
the later period of infection the skin fails to react to tuberculin at a time when 
the serum contains complement-fixing antibodies 

From Authors' Summary 


Lipids and Immunologic Reactions F L Horsfall Jr and K Goodner 
J Exper Med 64 583, 1936 

Specific precipitates resulting from the interaction of type I antipneumococcus 
horse and rabbit serums and the homologous capsular polysaccharide have been 
analyzed by gasometric micromethods for total nitrogen, lipid nitrogen and lipid 
carbon Lipid may, under certain conditions, form as much as 51 per cent or 
as little as 4 per cent by weight of the specific precipitates The total lipid content 
of the specific precipitates, within the range studied, is entirely independent of the 
protein content Lipid nitrogen forms a very small but detectable portion of the 
total nitrogen of the precipitates The absolute lipid content of the precipitates 
-s a function of the concenti ation of lipid in the reacting mixture prior to precipi- 
tation and seems to be governed by the laws of the phenomena of adsorption 

From Authors' Summary 
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BL 00 D-GR 0 UPI^G Factors in FIorses V A Herman, J Immunol 31 347, 
1936 

From a study of the blood of eighteen horses Herman concluded that there 
are four blood groups corresponding to those of man This similarity was 
established by absorbing horse scrums with human 0 cells, thus removing the 
species-specific agglutinins, and observing a group-specific agglutination of human 
blood groups A and B and of the corresponding blood groups in horses Similar 
results w'ere observed by treating human 0 scrums with horse cr\throc\tcs, con- 
taining the horse species-specific agglutinogen 0, and then testing the serums 
against both human and horse red cells The iso-agglutinins in horse scrum also 
lesembled those of man The group-specific properties were also found m certain 
organs of the horse The distribution of the blood groups in 910 samples of 
horse blood was found to be group O, 10 per cent, group A, 41 per cent, group 
B, 16 per cent, group AB, 28 per cent Fi\c per cent of the samples could not 
be classified j Davidsohn 


Precipitin and Complement Fixation Reactions of Poli saccharide Extracts 
or Brucella Af Higginbotham and L S Hfathman, J Infect Dis 
59 30, 1936 

The results of the precipitin tests with the poK saccharide preparations from 
se\en strains of Brucella seem to show that organisms otherwise classified as of the 
same type may possess variable antigenic properties The precipitin test is not 
satisfactory for establishing the t\pe of a strain of Brucella, although extracts 
from three of the seven strains w'cre found to gne a positnc reaction with the 
homologous antiserum only 

The results support the contention that the use of a polj\alent antigen embrac- 
ing some local strains should be included in the routine serologic examination for 
undulent fever All the serums from human beings with brucellosis which showed 
agglutination w'lth the stock antigens (Brucella mehtensis, Brucella abortus and 
Brucella suis) gave positne precipitin reactions with one or more of the polj- 
sacchandes of Biucclla Although the scries is small the poK saccharide precipitin 
test seems to have no advantage o\cr the agglutination test as a routine procedure 
and has the disadvantage of being impracticable because of the tunc and cost of 
preparing extracts 

The results of complement fixation tests w'lth the poh saccharide extracts of 
Brucella and specific antiserums as well as of those with the extracts and patients’ 
serums were not as clearcut as the precipitin reactions 

From Authors’ Summ\r\ 

Complement Fixation in Normal Serums Treated whth Nuclei or Red 
Corpuscles or Chickens and with Tissue Extracts J F Christensen, 
Ztschr f Immunitatsforsch u exper Therap 88 325, 1936 

In active serums of chickens complement was fixed with nuclei of the chickens’ 
own red corpuscles and of the corpuscles of other chickens While group-specific 
properties were noted in the whole erythrocytes, onl}'’ species specificness was 
found m the nuclei The reaction did not take place at 0 C and w'as absent when 
inactivated serum was used Attempts to absorb the complement-fixing property 
with nuclear suspensions were unsuccessful m all but one serum Inoculating 
chickens with nuclei and with red corpuscles did not increase the titers of the 
complement-fixing property of their serums Immune serums produced m rabbits 
with the whole red corpuscles and with the nuclei of the red corpuscles of chiekens 
brought out antigenic differences between the components of these cells The 
active serums of chickens were later shown to fix complement with extracts of 
the chickens’ own tissues and of those of different animals (duck, rabbit, sheep, 
calf and hog) The reaction with undamaged red cells of the rabbit and of the 
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sheep was very slight Active serums of the sheep, horse and man were shown 
to possess the same ability to fix complement with different tissue extracts, and 
in the case of the serum of the rabbit inactivation at 56 C did not remove the 
complement-fixing property, but heating at 62 C destroyed it The complement 
fixation with the normal serums is interpreted as a nonspecific “pseudoreaction” 
The necessity of a consideration of this phenomenon in complement fixation tests 
with active serums, and even with inactivated serum in the case of the rabbit, is 
obvious j Davidsohn 


Vitamins and Immunity H J Jusatz, Ztschr f Immunitatsforsch u exper 
Therap 88 472, 1936 

Rabbits that received food of sufficient calories but without vitamins showed 
a drop in the bactericidal properties of their blood and very poor precipitin response 
to injections of horse serum Vitamin A did not improve the aforementioned 
properties Small quantities of vitamin D raised the bactericidal properties of the 
blood but did not affect the antibody response, while large quantities influenced 
both properties adversely The water-soluble vitamin B, in the form of yeast, 
had no influence on the bactericidal properties of the blood serum against staphylo- 
cocci or on the formation of precipitin Vitamin C, the natural and the synthetic 
product, as well as its sodium salt, effected a marked though transient increase 
of the bactericidal properties of the blood serum and enhanced greatly the pro- 
duction of precipitins, particularly if the vitamin was injected immediately preceding 
the injection of the horse serum or if it was mixed with it j Davidsohn 


Tumors 

Observations on Rats Treated with Sex Hormones C S McEuen, Am J 
Cancer 36 551, 1939 

The occurrence is reported of 3 tar cancers of the skin, 1 uterine cancer and 
1 gastric cancer in rats fed with an estrogen obtained from the urine of pregnant 
women A tar cancer in 1 control rat is recorded Whereas m rats treated with 
estrone (theelin) for long periods carcinoma of the genital tract and breast 
occurred, accompanied by other, usual estrogenic effects, with prolonged injection 
of testosterone the females went into permanent vaginal diestrus, the pituitary 
weights were not above normal limits, somatic growth was not inhibited and the 
predominant neoplastic lesions were fibrous tissue tumors in areas of injections, 
some of which became sarcomatous Author’s Summary 

Pulmonary Asbestosis K M Lynch and W A Smith, Am J Cancer 
36 567, 1939 

During the past twelve years, in 2,343 consecutive necropsies Lynch and Smith 
encountered 7 cases of primary carcinoma of the lung, including 1 instance of this 
lesion in an early stage, discovered only on histologic examination, and 2 cases 
of asbestosis Among these necropsies were 35 showing some degree of asbestosis , 
in the majority of instances this was a minor finding and not the cause of illness 
or death, in a few the condition was advanced If all necropsies and all cases of 
cancer of the lung are included, the incidence of primary pulmonary carcinoma in 
this necropsy service over this period was 0 3 per cent If the 35 cases in which 
asbestos deposits were shown and the 2 cases of cancer of the lung in association 
with asbestosis are omitted, the incidence was 0 21 per cent Among the cases of 
asbestosis (35) the incidence of carcinoma of the lung (2 cases) was approximately 
6 per cent Whether this is to be taken as of significance, especially in com- 
parison with the general rate, is questionable The senes of cases of asbestosis 
IS small and the possible statistical error great It has seemed desirable to record 



714 


ARCHIVES OF PATHOLOGY 


in addition, the obseivation that advanced asbeitosis nia}' lead to bronchial epi- 
thelial metaplasia of a type encountered in other locations where cylindnc 
epithelium may give rise to squamous cell carcinoma 

From AbTiioRS’ Comment 

Myeloid Lelkemia and Nonmaeignant Extrameduii ar\ Myeiopoiesis in 

Mice W A Barnes and I E Sisman, Am J Cancer 37 1, 1939 

Eight transmissible strains of m 3 "cloid leukemia that lia\c been studied possessed 
characteristics which with rare exceptions remained unaltered in the course of 
successive subpassages Transmission experiments indicated the neoplastic nature 
of these disturbances The malignant cells in 5 cases were mj'clocvtes and in 3 
cases were myeloblasts maturing into promj'elocites or nnclocvtes Although 
moiphologically the individual cells of these leukemias with a single exception 
resembled normal cells, they differed from the latter as well as from one another 
in their behavior in inoculation experiments These differences included abilit}’’ 
to produce tumors, color of the leukemic infiltiation, localization in various tissues 
and transmissibility to different stocks of mice Tlie mvclocjtes characteristic of 
one strain underwent mitotic division in tissue cultures and, like malignant cells, 
failed to matuie In 6 additional cases of nneloid leukemia attempted trans- 
missions to mice that were not liiglil}’’ inbred were unsuccessful The infiltrations 
in nonmahgnant extramedullary mjclopoicsis in mice mav be as extensive as those 
in myeloid leukemia Noiinialigiiant niediillarj'' mvelopoicsis is frequent in appar- 
entlv' healthy old mice of one of the stocks studied It often accompanies sup- 
purativ'e inflammations, particularly those of long standing, and spontaneous and 
transmitted neoplasms The differentiation of nonmahgnant extiamedullary mj^elo- 
poiesis from leukemia is occasional!)’’ difficult Features of the nonmahgnant dis- 
turbance include conspicuous maturation of mjeloid cells, association with 
erythrogenesis, presence of megakarj ocytes, absence of epicapsular and tumor-likc 
infiltrations and failure of tiansmission to other mice Parenteral administration 
of suspensions of Bacillus coh is a simple procedure to stimulate cxtramedullarv 
hemopoiesis in mice Exposure of mice with spontaneous mammar)’' tumors to 
small doses of roentgen rajs did not produce mjeloid leukemia and failed to 
increase the extent of nonmahgnant extramedullary myeiopoiesis 

From Aetiiors’ Summvrv 

Intracerebral Carcinojiatous Metastvses C C Hvre and G A Schw’ARz, 

Arch Int Med 64 542, 1939 

Bronchogenic and mammarj’ carcinoma commonly metastasize to the brain In 
cases of cerebral metastasis the primary carcinoma is most commonlj' m the lung 
or the breast In our series of 100 cases there weie 65 in which the primarv 
tumor was so located A bronchogenic carcinoma often becomes manifest m the 
effects of a cerebral metastasis before there are any pulmonary signs Carcinoma 
with cerebral metastases is not uncommon in persons less than 40 years of age 
In our series it occurred in 27 of 100 such persons The disease occurs pre- 
dominantly m male patients, m the ratio 3 2 1, provided the cases of primarv 
carcinoma of the breast are excluded Sj’mptoms of metastasis are usually of 
short duration before the patient becomes seriously ill A gradual onset of intra- 
cranial symptoms m cases of metastatic intiacerebral carcinoma, according to 
this study, IS infrequent (17 per cent) The onset occurred suddenly in 36 of 
these 100 cases Patients with metastatic cerebral tumor do not tolerate surgical 
procedures well The average duration of life from the time of the first neurologic 
symptom until death was three and six-tenths months for the 32 persons who 
died while under the authors’ care The period of surviv'al was much shorter for 
those who were operated on 

Signs of chronic debilitating disease may be absent They were lacking m 
40 per cent of the cases in this series Abnoimality of the spinal fluid is a 
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prominent finding It occuned in 70 per cent of the cases in which the spinal 
fluid was examined Roentgenogiaphic erosion of the sella turcica mav be present 
In this senes it was not uncommon, in spite of the supposedly short duration of 
the cerebral metastases Encephalographic and clinical studies may localize one 
of the metastatic masses, which is usually the laigest, and may fail to show the 
presence of other, smaller nodules Even after metastasizing to the brain broncho- 
genic carcinoma may not appear as such on roentgenograms of the chest Meta- 
static cerebral tumor may be single or multiple Multiple tumor svas observed in 
20 brains removed at autopsy , single nodules, in the remaining 14 In practically 
all cases of ceiebral metastasis there are metastases to other organs Cerebral dis- 
ease in addition to the metastases may be present In 1 of the cases a cholesteatoma 
was observed in the cerebellopontile angle at autopsy , in 3 syphilis of the central 
nervous system was evidenced by a positive Wassermann reaction of the spinal 
fluid Surgical removal of single metastases may m a few cases prolong life for 
months or even for several years, such cases, howevei, form a small percentage 
of those in which operation is done, most of the patients dying shortly after 
craniotomy Subtemporal decompression often relieves the headache and affords 
great comfort to the patient and to his relatives When craniotomy is to be per- 
formed, roentgen studies of the chest should be made legardless of the age of the 
patient From Authors’ Summary 


Carcinoma or the Body and Tail of the Pancreas G L Duff, Bull Johns 
Hopkins Hosp 65 69, 1939 

An account of the pathologic features of carcinoma of the pancreas in general 
IS followed by a description of the various modes and directions of the spread of 
cancer of the body or of the tail of the pancreas based on obseivations at autopsy 
in 16 cases A comparison with the observations at autopsy in 16 consecutive 
cases of carcinoma of the head of the pancreas shows that piimary cancer of the 
body or of the tail of the pancreas tends to spiead much more widely and 
massively than carcinoma originating in the head An adequate explanation of 
this tendency is afforded by the anatomic position and relations of the body and 
tail as contrasted with the head of the pancreas Direct extension of carcinoma 
of the body or of the tail of the pancreas frequently leads to widespread involve- 
ment of the peritoneum and sometimes to invasion of the stomach or intestines 
The abdominal lymph nodes are often massively involved Invasion of the splenic 
vein with the consequent occurrence of massive metastasis to the liver may be 
followed by occlusion of the splenic vein, obstruction of large intrahepatic branches 
of the portal vein or even occlusion of the portal vein itself 

Froxi Author’s Summary 


Frog Carcinoma in Tissue Culture B Lucke, J Exper Med 70 269, 1939 

The adenocarcinoma of the leopard frog may be cultivated with ease in plasma 
mediums In such cultures two types of growth occur with regularity The first 
is in the form of tubules which promptly grow out in the solid medium and retain 
their tubular form as long as they remain completely enveloped by plasma When, 
however, they make contact with the surface of the glass, they adhere to it, the 
part in contact becomes flat, and its cells now grow no longer as tubules but as 


membranes 


From Author’s Summarx 


Inhibition of Transplantable Tumor by Tissue Extracts D A MacFadyen 
E Sturm and J B Murphy, J Exper Med 70 475, 1939 

Mammary tissue of pregnant rabbits is found to contain an agent which 
inhibits growth of Bashford adenocarcinoma 63 m mice, but this material is 
without effect on Crocker sarcoma 180 Of the tissues so far studied, the mam- 
mary gland of the rabbit has yielded the most active product Fi om the i esults it 
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appears probable that pregnancj' enhances the production of the agent, but this 
cannot be considered as established bejond doubt Ihc factor is found, with 
diminished activity, only in the piotein fraction obtained from the aqueous extract 
by full saturation with ammonium sulfate (Sec also D A AlacFadjen and J B 
Murphy [/ E\pa Med 70 461, 1939] ) Fhom AbxiioRs’ SujiMAia 

Isolation or Rabuit Papiiloma Virus Protiin J W BnAnn, W R Bryan 

and R W G WvcKoir, J Infect Dis 65 43, 1939 

A protein free from caibohydrate and detectable by the Mohsch test has been 
isolated by differential ultracentrifugation from extracts of infectious warts of 
cotton-tail rabbits It gi\cs a sediment with the sharp boundary characteristic of 
an undamaged molecular species and has a piincipal sedimentation constant Sro = ca 
250 X 10~i^ cm sec~i djrnes"^ 

The jield of this protein was proportional to the activit}' of the virus in the 
extracts from which it w'as derned, \ar 3 ing from 1 0 mg per gram of -very infec- 
tious warts to 0 008 mg per gram of warts of low infcctnitj No protein has 
been obtained from nomnfectious w’arts of domestic rabbits The mfectnitv asso- 
ciated with the heavy protein w’as constant and w-as not i elated to the intectnitj' 
of the source extracts Papillomas w'cre consistently induced b\ the inoculation 
of 10"’’ Gm of protein 

Changes in the protein w'crc accompanied b}' changes in the actiMty of the 
virus Infectivit}'’ w'as desti 03 cd when the protein w'as coagulated at 65 to 66 C 
or broken dowm by the action of acid or alkali Virus mfccti\it 3 " was rcmo\cd 
from the solution b 3 precipitation of the protein at its isoelectric point and was 
associated w'lth the precipitate under these conditions 

From Authors’ SuMMUCi 

Cancer or the Thyroid Gland J deJ Ptmberton, Surg , G 3 mcc & Obst 
69 417, 1939 

A series of 774 cases of cancer of the thvroid was re\icw'ed, m 517 the diag- 
nosis was established by microscopic examination, m the remainder the disease 
was obvious from clinical observation alone The age incidence corresponds to 
that of carcinoma elsewhere, although the occurrence of this t 3 'pe of cancer m 
children is more common than is generally suspected The sex incidence shows 
a ratio of 1 male to 1 74 females, wdiereas the ratio for benign nodular goiter is 
1 to 5 07 In a large percentage of cases carcinoma of the th 3 roid originates in 
a benign adenoma, thus stressing the importance of prevention and treatment of 
lesions of the thyroid The basal metabolic rate is inconstant and of no diagnostic 
aid in determining the presence of a malignant change in the th 3 roid Sixt 3 ''-eight 
per cent of the tumors were graded as 1 or 2 in regard to malignancy, based on 
anaplasia and dedifferentiation Increased interest on the part of the pathologist 
IS shown by the steady rise in the percentage of cancers discovered m patients 
operated on for tumors considered benign The author classifies malignant neo- 
plasms of the thyroid as papillary adenocarcinoma, adenocarcinoma m adenoma 
(malignant adenoma), diffuse adenocarcinoma and sarcoma The distinguishing 
clinical features of papillary adenocarcinoma are the low grade of malignancy, 
marked radiosensitivit 3 '’ and tendency for the lesion to spread to regional l 3 'mph 
nodes, where it may be confined without further dissemination for many years 
For these reasons radical removal and postoperative irradiation of the site offer 
a good chance of cure Characteristic of adenocarcinoma m adenoma are the low 
grade of malignancy and tendency to early dissemination by way of the blood 
stream Because of the lack of early involvement of FTOph nodes and the m\asion 
of blood vessels, the presence of cervical metastases of this type has a grave prog- 
nostic significance Diffuse adenocarcinoma of the thyroid is common^’’ of higher 
grades of malignancy than the other types and behaves like such carcinoma else- 
where Both squamous carcinoma and sarcoma of the th 3 ^roid are rare and very 
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malignant Metastases from thyroid carcinoma are most frequent in the cervical 
lymph nodes and next in the lungs The percentages of persons with malignant 
tumor of the thyroid who have lived three, five and ten years or more after tieat- 
ment are 77, 70 and 58, respectively 

From Author's Summary (Warrfn C Hunter) 

Paget’s Disease or the Nipple R Muir, J Path & Pact 49 299, 1939 

The examination of 42 cases of Paget’s disease of the nipple fully supports 
the view that the lesion of the nipple is due to intraepithelial growth of cancer 
cells which have spread from a malignant growth in the upper extremity of a 
lactiferous duct — intraduct carcinoma It also supports the view formerly expressed 
as to the association of Paget’s disease with carcinoma of the mamma In all the 
cases intraduct carcinoma was present in the nipple Of 39 cases fully examined, 
It was present in both breast and nipple in 34, in 30 it was accompanied by 
infiltrating carcinoma of the breast The carcinoma of the breast which is so 
often associated with Paget’s disease is ordinarily due to extension fiom an inde- 
pendent focus of intraduct carcinoma in the breast In view, however, of the 
mode of spread of intraduct carcinoma, the possibility of carcinoma of the breast 
resulting from a downward direct extension of intraduct carcinoma in the nipple 
must be admitted, but no undoubted example of this has been met with in this 
series of cases On the other hand, in 6 cases of carcinoma of the breast there 
was found an upward spread of intraduct carcinoma from a level below the nipple, 
and this had just reached, or was just reaching, the epidermis at the appearance 
of the clinical signs of Paget’s disease The time of appearance or the stage of 
Paget’s disease gives no information as to the presence or the absence of carcinoma 
in the breast The cases recorded here show a high frequency of carcinoma of 
the breast and emphasize the grave significance of the lesion of Paget’s disease 

From Author’s Summary 

Squamous Cell Carcinoma of the Tonsil in the Dog F W Withers, 

J Path & Pact 49 429, 1939 

Although references to tonsillar carcinoma in the dog are extremely raie in 
the literature, observations at the Royal Veterinary College, London, indicate a 
comparatively high incidence of the condition among town-kept dogs Duiing the 
period of sixteen months coveied by the cases under review approximately 20,000 
dogs were presented for examination m the clinics of the college and, of those that 
died or were destroyed, 396 were examined post mortem Among these there were 
100 with neoplasia, of which 53 had carcinoma of various kinds and, of the latter, 
24 had tonsillar epithelioma The incidence is therefore appi oximately 1 2 per 
thousand of all dogs presented for examination, 6 per cent of all dogs examined 
post mortem and 24 per cent of all dogs with neoplasia There were 10 dogs with 
squamous carcinoma in sites other than tonsillar, and of these 8 showed the skin 
and 2 the urinary bladder affected Only 1 animal of a species other than the 
dog was recorded as having carcinoma of a tonsil during this period, namely, a 
cat, in which the primary lesion involved the tonsil, the soft palate and the root 
of the tongue, with a secondary deposit in the local lymph node , it was impossible 
to determine exactly the primary site of origin The condition appears to be 
commonest in dogs from 6 to 10 years of age, which is roughly the equivalent 
of 40 to 70 years m man From Author’s Discussion 

Experimental Epithelioma of the Stomach A Besredka and L Gross 
Ann Inst Rasteur 62 253, 1939 ’ 

The stomach of the rabbit shows pronounced receptivity to the Brown-Pearce 
epithelioma The appearance of the epitheliom.i in the stomach is preceded by a 
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siioit period of incubation llic tumor appears as a more or less voluminous 
giowth localired at the point of inoculation, in about half the cases mctastases 
occui in the internal organs Rabbits with lesoibtd mtractilancous tumors of 
this type show solid lnlmunlt^ to inoculation of the Brown-Pearce epitheliona in 
the stomach From Authors’ Summar\ 

ADL^OM^OMA or nil GtiiiiLMiniR P EisrKTii, Virchows Arch f path ‘\nat 
302 717, 1938 

Thirteen casts of adenoma, oi bettei adenomjoma, of the gallbladder were 
encountered in a total of 4,000 necropsies Ol the two Mew’s as to the origin of 
adenoinyoinas — that it conceins congenital maldct elopment or that it results from 
chronic inflammation — the author accepts the former 'V relationship between 
adenoinyoma, chionic cholect stitis and cholelithiasis was not obser\td, although 
the cystically enlarged glands maj become the site of intramural concretions 
Transition of adenoineoina to adenocaicinoma was obscr\cd m 1 instance 

O T SciiuiT? 


Medicolegal Pathology 

Sul!ARAC^^olrJ HiMORKmoi oi '\^^LR^SM\I Origin Its Intirist ik Legal 

MLDicixr r Tiiom\s, \im d’anat path 13 969, 1936 

The article is a renew of tlie subject of cciebral ancurjsms The literature, 
eomprismg 72 references, is well coxered A large number of photographs of gross 
specimens arc included deinonstiating manj xaiictics of cerebral aneurjsms and 
malformations of the basilai cciebral arteiics llic ctiologic xarietics arc dis- 
cussed, 1 e, aitcriosclciotic, syphilitic, nncotic-cmbohc and congenital The 
clinical factors relating to medicolegal problems are covered In the discussion 
of congenital aneurxsms emphasis is placed on the observation of the lesion in the 
younger age gioup and the absence of tiauma or of antecedent disease 

PrRR\ J Melmck 

Congenital Hevrt Disease Associated with Sudden Death S Lvss, 

Deutsche Ztschi f d ges gciichtl Med 3 1 248, 1939 

The cases discussed m this article w'crc encountcicd in 20,000 postmortem 
exammations made at the HafenkranKenhaus. Hambuig, from 1901 to 1938 The 
anomalies were grouped as (o) defects responsible for death, (b) defects incidental 
to death and (r) patent foramen ovale The latter gioup was studied intensively 
onlj'^ for the years 1936 and 1937 There were 11 cases in the first group, and in 
most of them septal defects and various distortions of the hcait chambers were 
presented When they occuried m children, thev’- were noted duiing the first few 
hours or days of life, although their occuncnce in stillborn infants was also 
observed The onl> adult showing such an anomaly was a man 21 j^ears old, who 
had puhnonarv stenosis 

The second gioup included 22 pci sons with incidental cardiac and v^ascular 
defects w'hich fell into the following categories (a) ventriculai septal defects, 

(b) atresia of the aortic isthmus, (c) aortic stenosis, (rf) anomalies of v'alves and 

(c) patent ductus Botalli This group contained a pi eponderance of adults CNcept 
in the last division, in which there were 4 adults and 4 children 

Patent foramen ovale was found 78 times m 2,015 autopsies, an incidence of 
only 3 5 per cent In 2 of the cases it was associated with paradoxic embolus 
The low percentage is at variance with the obsei v'ations of Aschoff, who placed 
the mcidence between 20 and 30 per cent George J Rukstinat 
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Tkaumatic Aiti ration or Tin Eiastic FirRObs System of the Leng S 
Okros, Deutsche Ztschr f cl ges genchtl Med 31 308, 1939 

Okros reported a compaiative study of the elastic fiber system of the lung 
in the presence of a gunshot wound, a stab wound, a tear or compression made 
during life and post mortem Somewhat similar ehanges took place in the elastic 
fibers with all of the aforementioned traumas w'hen these were inflicted during 
life, but the changes were most marked after gunshot w'ounds Characteristically, 
the fibers contiact near the site of injury and form a dense, felthke /one At a 
distance of 6 to IS aheoli removed from the traumatized /one the elastic fibers 
are torn, frayed or curled into ball-likc contractures All of these changes are 
lacking when the wounds have been made post mortem 

George J Rokstinaf 

Technical 

Mitotic Leekopiasis in rnr PrRipiirRAE Bioou ix iNFfcnors !Moxon'eci eosis 
H Bowcock, Am J M Sc 198 384f 1939 

In infectious mononucleosis, mitotic leukoblasts and other unusual cell forms may 
appear in the peripheral blood near the peak of the leukocyte count The occur- 
rence of such immature and unusual cell forms is emphasized in order that con- 
fusion may be avoided m the diagnosis of this relatively benign illness, which 
often resembles acute leukemia in many respects From Aetiior’s Semmary 


Polarized Licnr tor tiii Sted\ of Mvelix Degi ner \tion' C 0 Prickltt and 
C Stevens, Am J Path 15 241, 1939 

A study has been made of the merits of the polari/ed light method as compared 
W'lth the Marchi and sudan III methods of demonstrating myelin degeneration due 
to transection of the peripheral nerves in the rat The polarized light method was 
found to be rapid and accurate The changes depicted were consistent and did not 
depend for their demonstration on numerous technical manipulations Changes in 
both myelin sheaths and axis-cylinders were visible in the same preparation As 
compared with the polarized light method the Marchi method gave very inconsistent 
results The sudan III method was consistent but failed to reveal the early changes 
following transection Marked and advanced changes were shown by the polarized 
light method in nerves which had been transected only twenty-four hours The 
earliest degeneration shown by the Marchi method was shown seventy-two hours 
after transection, and the earliest by the sudan III method, one hundred and twenty 
hours after transection The thickness of the section influenced the structural detail 
observed by the polarized light method Sections 10 microns in thickness show'ed 
more detail than sections which were thickci It was found advantageous to 


uncross the analyzer prisms in determining the continuity of fibers which appear 
segmented, for distinguishing betw'een edema of axis-cylinder and periaxillar 
accumulation of isotropic material and for revealing isotropic fibers masked by the 
crossed prisms Sections of unfixed fresh normal or degenerating nerves when 
viewed by polarized light presented an appearance considerably different from that 


of fixed nerves 
of the method 


This does not detract, however, from the usefulness or reliability 

From Authors’ Summary 


A More Rapid Method or Guixi a Pig Inoculation for the Diagnosis of 
Tuberculosis C I Woolsey, J Lab & Clin Med 24 855, 1939 

The average length of time required for the diagnosis of tuberculosis by intra- 
cutaneous injection of the exudates into guinea pigs is three w'eeks, in comparison 
with the SIX to eight weeks required by the formerly used subcutaneous route Of 
the 173 guinea pigs used for injections in this senes, only 5 died before the presence 
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or the absence of tubercle bacilli in the fluid could be demonstrated Since the 
diagnosis is made from the initial lesion and substantiated bj obsenation of 
regional adenopathj’^ and by autopsy, there is little chance of a spontaneouslj infected 
guinea pig not being recognized as such Those guinea pigs that remain uninfected 
for SIX weeks may be kept as breeding stock Author’s Suai^iar\ 

Artificial and Serumilss klAiNTCNANcr Mediums L E Baker and A H 
Ebeling, J Exper kicd 69 365, 1939 

Several mediums designed for maintaining the life of cells and of organs out- 
side the body are described Cultures made from a pure strain of fibroblasts 
have been maintained in these mediums in Mtal condition and with little or no pro- 
liferation for periods ^arylng from fort} -tin ce to fifti-six da}s One of these 
mediums is very simple, inexpensnc and cas} to prepaic, and one is serumless 

From Althors’ Summvrv 



Society Transactions 


AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 

Ernest W Goodpasture, President 
Paul R Cannon, Secretary 

Twenty-Seventh Annual Meeting, New Orleans, March 13-17, 1940 

Prelimmary Observations on Rabies in the Chick Embryo James R 
Dawson Jr , Vanderbilt University, Nashville, Tenn 

Chick embryos have been infected by intracerebral inoculation of fixed virus, 
street virus and human virus of rabies, each of which produces typical Negri 
bodies throughout the nervous system of the embryo One strain which has been 
maintained in chick embryos for forty-seven generations has exhibited profound 
alterations in its virulence for rabbits Intracerebral inoculation of this chick 
embryo-adapted virus in rabbits is followed by development of clinical evidences 
of acute encephalitis in the form of fever, incoordination and weakness Of 19 
animals treated in this manner, however, 13 survived, following this mild self- 
limited disease they disclosed active immunity to the virus of rabies and were able 
to withstand an intracerebral injection of about 1,000 minimal lethal doses of 
either fixed virus or mouse brain street virus Less dramatm alterations appear 
to have occurred in the pathogenicity of this strain for dogs and mice 

Sputum Studies as an Aid to Prognosis in Cases o£ Pneumonia Arthur 
W Frisch, Wayne University, Detroit 

The number of extracellular encapsulated pneumococci per oil immersion field 
as determined from smears of rusty sputum treated with Wright’s stain was 
significantly related to the incidence of bacteremia, leukopenia, multiple lobar 
involvement and mortality rate in 250 proved cases of pneumonia Prognoses 
based on such counts were accurate enough to be of value in the selection of cases 
of potentially severe pneumonia both on admission of the patients to the hospital 
and during the course of therapy 

Immuno chemistry of Catalase III Langmuir Multilayers with Serum 
Globulin Lyman Fourt, University of Chicago 

Using crystallized catalase as antigen and Langmuir’s technics for the measure- 
ment of molecular dimensions, I have compared whole immune or normal serum 
and the corresponding globulins with respect to reaction in multilayers 

After an initial deposit has been made, repeated treatments with one substance 
produced little change Starting from catalase, whole immune serum and its 
globulin fraction give nearly the same sea_uences of thickness changes catalase, 
50 angstrom units, anticatalase, 50 units, then catalase, 5 units, alternating with 
anticatalase, 50 units, to more than ten layers An initial layer of scrum is 
25 units, while an initial layer of globulin is 70 Either the globulin molecules 
are differently oriented m each mode of adsorption, or the proportion of globulins 
\aries, being least in the 25 unit deposit trom whole serum Anticatakse and 
catalase layers alternate from an initial layer of immune serum but the first few 
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deposits aie less thick than in the other series, some otiiti s\ stems fail to go on 
above the seiiim, although continuing well from the antigen 

Specificitj appears cleaiei cut with whole serums than with globulin fractions 
Normal seium does not altcinate w'lth catalase, normal globulin deposits on 
catalase (25 angstrom units), but this nonspecific ndsoiption fails to continue 
Seium globulin and w'hole seium of the same or dificient species alternate, 
lesembling specific pairs 

Natural Quantitative Respiratory Contagion of Tuberculosis Wiiiivai 

F W'niLS and Ma\ D Leun, Unncisity of Pcnns%hann, Philadelphia 

Bv means of the Wells an ctntiifuge, it is possible to determine quantitatnelj 
the number of tubercle bacilli suspended in a gnen eolumc of an b} collecting 
the bacilli in a known \olumc of glycerin bioth and seeding aliquot poitions 
theieof on a modified Lowcnstein egg medium In an apparatus for the studj of 
experimental an -borne disease nbbits were exposed to measmed quantities of 
aii-boine tubercle bacilli The number of bacilli cultnicd tiom sample rabbits’ 
lungs coi responded to the dose computed fiom the quantite of an breathed bt these 
labbits and the number of bacilli cultured from sample tolumes ot this air 

Rabbits which inhaled 1,000 oi more tubercle Incilli died in a period of fite 
to SIX weeks with massne nodular caseous pneumonia, without tuberculosis of 
any other organ, iirespectnc of whethei the> weie natuialh higlilv resistant or 
highly susceptible to tubeiculosis With smaller numbers of inhaled bacilli the 
natuial lesistancc of the labbit exposed plajed a detei mining role When less 
than 100 units of bacilli was inhaled, the naturall\ susceptible rabbits died of 
massne caseous pneumonia with extensive caseation of the diaunng trachco- 
bionchial hmph nodes and destiuetnc lesions of hematogenous oiigin in the 
different organs — a picture of first infection resembling the ehildhood t\pc of 
tuberculosis in man Under the same conditions of exposure lesistant animals 
de\ eloped a slowly progressive localized ulceratne pulmonan phthisis in which 
the draining hmph nodes and the internal organs were spared — a disease resem- 
bling the reinfection t)pc of adult pulmonare tubeiculosis in man 

The death of 96 per cent of tubercle bacilli sus])ended in the air was demon- 
stiated when the air was exposed for thiee seconds to ultiaMolet ra^s in the 
2,500 to 3,700 angstrom wxavc band, as demonstrated b\ eultuic, inoculation in 
gull ea pigs and inhalation In labbits 

Comparison of Urinary and Serum Proteins Wiiiivm \ Morrili, AI H 
SouLn and L H NrwnijROTi, Unuersity of Alichigan, A.nn Arbor 

Urman protein antiserum and total scrum protein antiserum wcie prepared hj 
injecting into rabbits the unaltered antigens from a patient wnth nephritis B\ 
means of the precipitin reaction it was detei mined that these tw'o t 3 'pes of anti- 
serum leacted equally well with both homologous and heterologous antigens 
Specimens of both types of antiseium w'erc then adsoibed wnth total serum pro- 
tein and the filtrates subsequently tested for the presence of specific ui inary protein 
piecipitins The seium protein completel 3 ' adsorbed all of the antibodies specific 
for both urinary and serum proteins, indicating that theie aie no antigenically 
active substances m the urine which aie not present in the serum In a like 
manner, samples of both types of antiserum were adsoibed w'lth uriiiaiy protein 
and the filtrates tested for the piesence of specific serum protein precipitins The 
urinary protein antiserum gave negative reactions, whereas in the serum protein 
antiserum antibodies of high titer against total serum protein w'ere demonstrated 
The failure of ui inary protein to adsorb completelv the antibodies against total 
serum protein indicates that unnao' protein is a fraction of total serum protein 
These results support the classic view that serum piotein is made up of two or 
more independent entities 
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Metamorphosis o£ the Nucleus o£ the Neuron in Inanition Due to Pro- 
longed Starvation Warren Andrew, Baylor University, Dallas, Texas 

Several persons who died in an extremely emaciated condition showed marked 
degeneration of the nerve cells in the cerebral cortex with less striking changes 
in the cerebellum 

Sections were stained by methods to be described The cytoplasmic changes 
consisted of chromatolysis, vacuolation and final complete dissolution of the cell 
substance The nuclear changes included migration of the nucleolus to an eccentric 
position (in the majority of cells) and great accumulation of basophilic granules m 
the nucleus, causing the nuclei to resemble those of the larger glial cells 

In all the cases extensile destruction of cells and neuronophagia were seen 
Experimental work on mice of different ages, which were starved for varying 
periods, has confirmed, in general, the conclusions as to the nature of the nerve 
cell changes brought about by inanition 

Many of the changes caused by inanition in mice and ,n men are similar to 
those occurring in senility Age, therefore, is a factor which must be taken into 
account in studies of this type 

The Pathologic Nature of Irradiation Sickness, A New Method for 
Inducing Shock Virgil H Moon, Karl Kornblum and David R Morgan, 
Jefferson Medical College, Philadelphia 

Irradiation sickness was produced m dogs in order to make observations on 
the hemoconcentration and on the visceral changes From 1,400 to 2,800 roentgens 
was given in divided doses over different parts of the abdomen After an interval 
of sixty to seventy-two hours, severe illness developed, and hemoconcentration, 
ranging from 15 to 50 per cent, appeared Urination was deci eased, and blood 
was seen in the urine, feces and vomitus The illness progressed rapidly, and 
death occurred by circulatory failure within twent>-four hours 

The gross and microscopic featuies were those chaiacteristic of shock They 
included capillovenous congestion of the viscera, petechial hemorihages in mucous 
and serous surfaces, edema of the lungs and of the mucosae, and parenchymatous 
degeneration of the liver and kidneys The results weie concordant in 12 animals 
so treated 

An additional feature was degeneration, progiessing to neciosis, of the gastio- 
intestinal mucosa The epithelium lining the crypts and covering the villi showed 
all stages of disintegration Some crypts contained nuclear and cellular debris , 
others were denuded and empty Some of the villi letained their epithelial coveiing 
while that in the crypts was necrotic and disintegrating 

Our results corroborate those of Whipple and others Roentgen radiation of 
high voltage causes delayed necrosis of the intestinal mucosae, accompanied by 
shocklike manifestations Apparently the latter are due to absorption of mateiial 
from the damaged mucosa The condition is accompanied by progressive hemo- 
concentration, and the visceral changes observed post mortem are chai actenstically 
those of shock 

These results provide experimenters with a new method for inducing shock 
by causing damage to the tissues This method eliminates pain and emotional 
responses, sympathoadrenal hyperactivity, hemorrhage and anesthesia, conditions 
which are assigned as causes for shock by some writers 

Effect o£ “Sex Hormones” on the Formation o£ Immune Bodies E von 
Haam and Irene Rosenfeld, Ohio State University, Columbus 

In a senes of experiments the influence of the administration of various doses 
of "sex hormones” on the development of agglutinating and protective antibodies 
against a laboratory strain of type I pneumococci was studied in rabbits In 
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other experiments the mechanism of the protective action of these substances 
against lethal doses of the same organism was studied in mice A certain 
quantitative correlation between the amount of such a substance injected and the 
amount of antibody formed could be demonstrated, and optimal immunizing or 
protective doses could be determined Excessne doses of these substances pro\cd 
definitely injurious to the development of antibodies The role played by the 
interval between the administration of the substances and the production of the 
infection was investigated 

Geographic Distribution o£ Poliomyelitis in Louisiana Albert E Casey 
and Branch J Avmond, Louisiana State Unnersitv and State Board of 
Health, New Orleans 

Through the application of biometric procedures, especially of an objective 
method for detecting even the smallest epidemic, detailed and controlled studies 
on epidemic and sporadic poliomjelitis in Louisiana ha\e been made possible 
The relations of epidemic and sporadic poliomyelitis to geography, season, size of 
community, water supply, sewage sj stems and host factors, such as age, sex 
and race, are considered and a comparison with other diseases is made 

Effect of Certain “Sex Hormones” on the Spread of India Ink and Resist- 
ance to Virus Infection Douglas H Spruxt and Sar\ AIcDearmvn, 
Duke Umversitj’, Durham, N C 

Last year we reported work wdiich showed that certain endocrine states affect 
the spread of india ink m the rabbit’s skin and also change the animal’s resistance 
to infection wnth the Mrus of vaccinia Wc haie extended this work and can now 
report further studies We find that the increased spread of india ink resulting 
from castration persists for a long period of time and that injected testosterone 
propionate has no effect on this spicad Injected estrogen, howeier, decreases 
the spread of india ink in castrates, male and female rabbits, and increases their 
resistance to infection wnth the virus of vaccinia 

Effect of Temperature and of Starvation on the Character of Growth of 
Frog Carcinoma Implanted in the Anterior Chamber of the Eye 
Baldwin Lucke and H Schlumberger, Unnersitj of Pennsjhania, Phila- 
delphia 

The adenocarcinoma which commonly occurs in the kidneys of leopard frogs 
IS readily transplantable into the anterior chamber of the eje, wdicre it deielops 
according to well defined structural patterns The manner and rate of such 
growth may be clearly observed o\er long periods through the slit lamp micro- 
scope and may be recorded objectively by photographs This technic has been 
applied in the present stud}”-, wdiich deals with the effect on tumor growth of two 
environmental factors, temperature and starvation It was found that starvation 
of such a degree as led to great emaciation of the animals affected neither the 
manner nor the rate of growth In groups of frogs maintained foi months at tw'O 
temperatures, 40 F apart, the tumors grew somewdiat more rapidly at the higher 
temperature, but there were no discernible effects of temperature on the manner 
of growth It IS concluded, therefore, that in a cold-blooded vertebrate, the frog, 
tumor grow'th is affected only to a minor degree by temperature and by starvation 

Glycolipoid Antigen of Meningococcus and Gonococcus Alden K Boor 
and C Phillip Miller, University of Chicago 

Additional observations have been made on the factors influencing the demon- 
stration of the glycolipoid antigen (Boivin) in the meningococcus and the 
gonococcus 
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Pathologic Changes in Experimental Gonococcic Infection C Phillip 
Miller and Walter D Hawk, University of Chicago 

The pathologic changes in the organs of mice mtrapentoneally inoculated with 
gonococci suspended in mucin are described and compared with those resulting 
irom the injection of sterile mucin alone 

Changes in the Distribution of Renal Phosphatase in Experimental 
Nephropathies Opal E Heper, J P Simmonds and Helen Gurley, 
Northwestern University, Chicago 

The phosphatase content of the kidneys of dogs was determined quantitatively 
by Bodansky’s method, and its distribution in the renal units, by Gomori’s micro- 
technical method In normal dogs the phosphatase is distiibuted in a narrow zone 
along the free margin, i e , next the lumen, of the cells lining the proximal con- 
voluted tubules Poisons that induce degenerative changes in the epithelium of 
these tubules alter the distribution of phosphatase in the cells The earliest change 
IS a broadening of the band of phosphatase in the marginal portion of the cells 
When actual necrosis has occurred, the phosphatase is diffused uniformly 
throughout the necrotic cell mass It still stains, but less deeply, apparently not 
because of any material reduction in amount but rather because of wider dis- 
tribution through the entire cell instead of along a narrow marginal zone 
Chemical tests revealed little alteration m the quantity of phosphatase present 
in kidneys, even in those with extensive necrosis The relation of this change to 
calcification in the renal tubules in experimental nephropathies is discussed 

Virus of Lymphocytic Choriomeningitis in Man Marion E Howard, Yale 
University, New Haven, Conn 

Several strains of the virus of lymphocytic choriomeningitis have been isolated 
from the spinal fluid of patients presenting a clinical picture other than that of 
benign lymphocitic meningitis There were 3 patients with encephalitis, 2 with 
meningoencephalitis and 1 who showed no evidence of encephalopathy The virus 
was isolated as late as fifty-three days after the onset of acute symptoms, sug- 
gesting that the infection may be prolonged The pathologic observations in 1 
fatal case of encephalitis will be presented 

The strains isolated show some differences in their infectivity for different 
animal species, but all are immunologically related to the Rivers “W E ” strain, 
as shown by studies of reinoculated immune animals Up to the time of writing, 
neutralizing antibodies have been demonstrated in only 1 patient, and those in 
low titer forty-five weeks after the onset of acute illness 

Anatomic Changes in Dogs Following Injections of Hematin WAD 
Anderson, E F Williams and D B Morrison, University of Tennessee, 
Memphis 

Hematin in the form of di sodium ferrihemate was injected into a senes of 
dogs by subcutaneous, intravenous and intrapentoneal routes At autopsy these 
dogs and their controls were examined by gross and microscopic methods Wide- 
spread deposition of a brown pigment, which failed to give a Prussian blue reaction, 
was found in mononuclear phagocytic cells and in cells of the reticuloendothelial 
system Large amounts of the pigment were thus held within phagocytic cells 
and apparently remained innocuous Vascular changes in the form of small 
hemorrhages and pigment thrombi occurred most freqently in the brain, endo- 
cardium and myocardium, particularly after intravenous administration Striking 
lesions appeared in the kidneys The most severe form was characterized by 
pronounced degenerative changes or massive necrosis of the convoluted tubules 
Glomerular changes consisted of cellular proliferation, accumulation of polymor- 
phonuclear leukocytes and formation of hyaline thrombi Intrapentoneal admin- 
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istration of disoclium fernhematc o\cr longti pcnods resulted )n marked 
pigmentation of renal tubular cells and cliiomc changes in glomeruli 1 lie changes 
produced by hematin are interesting m their similantj to the lesions of malignant 
tertian malaria and of hemoglobinuria )rom other causes 

Does Castration Alter the Incidence of Leukosis in Male FowP Dwid 
klARiNE and Samupl H Rosin, Montcfiore Hospital, New York 

Thirteen instances of leukosis lia\e occuricd m 119 attempted castrations in 
white Leghoins The leukosis was the diffuse hepatoienal tjpe in 8, lymphosar- 
coma in 4 and a mixture of tspes in 1 The birds were obtained at the age of 
5 to 6 weeks in five different batches, fioni three producers, and leukosis has 
developed in all batches The joiingcst to die ol the disease was 267 dajs old, 
and the oldest, 467 Fifty-three ha\c been killed as slips None of these slips 
show’ed an\ signs of leukosis, although of the same a\eragc age at death Rone 
of the fowl with leukosis showed slitlikc comb growth, although 2 had larger 
fragments of the left testis than some of the slips All fowl with leukosis 
responded to androgens after thej were known to ha\e the disease These data 
suggest that lack of testis hormones mav ha\e an actuating effect on latent 
leukosis 


Production of the Thomsen Hemagglutination Phenomenon in Serum 
I DwinsoHN and B Toit\RSK\, Mount Smai Hospital, Chicago 

From an O serum which was found to base the propertv of clumping O cells, 
a gram-positue bacillus was isolated which when inoculated into other strums 
regardless of the blood group, causes those serums to agglutinate cells of all 
blood groups Microscopicallj, it closch resembles members of the genus Corsiie- 
bacteria 

When 52 individual serums, leprescntmg all the blood groups, and 10 pooled 
serums, each of the same blood group, were inoculated w'lth the isolated bacillus, 
nonspecific agglutinins developed m 30 of the induidual serums and in 9 of the 
pooled serums The irregular agglutinins were demonstrated in undiluted serum 
and in diluted serum up to the dilution of 1 4 The agglutinins w'ere actne at 
37 C as well as at room tempeiaturc On incubation at 37 C and at 4 C , 
no change took place in serums inoculated w'lth the bacterium 

Serums inoculated with the filtrate from a broth culture of the bacterium and 
incubated at room temperature contained nonspecific agglutinins at the end of 
four dajs None incubated at 37 C showed irregulai agglutinins 

When the bacterium is inoculated into 2 per cent saline suspensions of cells 
of any blood group, it causes those cells to become panagglutmable by human 
serums The same result is produced bj'- the addition of proper amounts of 
a filtrate of a broth culture of the bacterium to suspensions of red blood cells 

Degeneration of Sensory Neurons in Pigs AIanw^lll AI WiNTRonr, Joseph 
L A'Iiller Jr , Hermann Lisco and Lawrence R Kolb, Johns Hopkins Hos- 
pital, Baltimore 

With the pm pose of producing a condition similar to pernicious anemia, pigs 
weaned at an early age (3 weeks) were given a diet consisting of casein (25 8 
per cent), sucrose (569 per cent), lard (108 per cent), cod liver oil (13 per 
cent) and a salt mixture, supplemented with brewers’ yeast (3 Gm per kilogram 
of body w’ eight) 

When thej" became accustomed to this aitificial diet and seemed to be in a 
good nutritive state, the quantity of yeast given some of the animals was gradually 
reduced and thiamin, riboflavin, nicotinic acid and filtrate factor w'ere given 
instead, separately and in various combinations Ataxia developed in all of these 
animals, in spite of good growth in those receiMiig nicotinic acid There was 
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degeneration in the posterior columns of the spinal cord, in the posterior root 
ganglions and in the peripheral nerves of the affected animals, in various degrees 
In half the animals whose supply of yeast was not reduced, the ataxia and 
anatomic changes in the nervous system did not occur, and in the remainder the 
histologic changes wcie usuallj less extensive, although in several the ataxia 
seemed to be as great as in the pigs deprived of yeast Wheat germ oil did not 
protect animals deprived of vcast Observations to date indicate that a protective 
substance may be present in liver 

Effect of Loss of Gastric Juice on the Electrolyte Balance of the Dog 
Charles C MacMahon and Stephen Maddock, Boston City Hospital 

Studies were made on dogs and pigs A Hcidenhain pouch was made in the 
fundic portion of the stomach, and the juice which was secieted was collected 
throughout each day By letuimng this juice to the animals by stomach tube it 
was found possible to maintain them in an apparently noimal condition for long 
periods When the juice collected fioin the pouch was withdrawn and discarded, 
the well known characteristic clinical and chemical changes m the blood appeared 
If the animals were given sodium chloride by mouth the gastiic juice could be 
discarded without chemical changes occurring in the blood When the sodium intake 
was kept up to normal by oial administration of sodium acetate, the animals 
remained m good clinical condition despite a fall in chloride ion to values as low 
as 65 milhequivalents per liter and a rise in carbon dioxide combining power 
to as high as 95 volumes per cent With the sodium ion level maintained within 
normal limits (140 to 150 milhequivalents per liter), there was no significant eleva- 
tion of nonprotein nitrogen oi other signs of dehydration (oliguria, hemoconcen- 
tration, anorexia, weakness) despite the marked hypochloremia and alkalosis 

The maintenance of a normal sodium balance became difficult when the chloride 
levels fell below 60 milhequivalents pei liter, and at levels as low as 40 to 45 milh- 
equivalents per liter became impossible Then the characteristic train of chemical 
and clinical changes developed In animals deprived of the sodium as well as of 
the chloride ion these changes appeared when the chloride level approached 80 milh- 
equivalents per liter This relationship of rise in nonprotein nitrogen to fall in 
sodium ion in the electrolyte balance emphasizes the importance of the basic ion in 
maintaining a state of normal hydration 

Effect of Complete and of Partial Biliary Obstruction on the Serum Phos- 
phatase and Bile Acids of the Dog Stephen Maddock, S J Thann- 
HAUSER, Victoria Maghee and Harold Reinstein, Boston City Hospital 
and Boston Dispensary 

We have stated previously that the ligation of one or more of the four hepatic 
ducts of the dog produced a tiansient rise in serum phosphatase, although jaundice 
did not supervene Schiffman and Winkleman reported later that ligation of a 
single hepatic duct m each of 2 dogs led to an increase in phosphatase which 
persisted for thirty days These authors apparently concluded that this was an 
invariable result Our work has shown that some dogs fail to show such a use 
following ligation of one hepatic duct, but that with ligation of two hepatic ducts 
all present a rise, which may be persistent The ligation of the cjstic duct can 
also produce marked elevation of seium phosphatase 

The serum phosphatase values in complete biliary obstiuction in 40 dogs showed 
great variation in individual animals In some the values did not rise much above 
100 Bodansky units but in others the v'alues rose as high as 460 Bodansky units 
eight weeks after ligation Our experience has been that the values rise in a 
fairly smooth curve and gradually decline up to the time of death This variation 
in the individual reactions of the animals led us to conclude that transfusion of nor- 
mal blood to a jaundiced dog causes a rise in serum phosphatase We now feel 
that such a statement must be made wuth some reservations until further work can 
be done 
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In some of the animals bile acids have been studied by a recently published 
method of Jenke This method has the ad\antage of giving a zero value for the 
blood of a normal animal Following the ligation of the common duct there is a 
sharp rise m blood bile acids with a gradual decline after three or more weeks 

Response of Different Strains of Rats to Nephrotoxin Joseph E Smadel 
and Homer F Swift, Hospital of Rockefeller Institute for Alcdical Research, 
New York 

Earlier studies on rats of the Wiielan strain, in which severe nephritis had been 
induced with anti-rat-kidncy scrum, showed that in nephritic animals fed a high 
protein diet consistent! j a progressive disease developed from which they died 
within four to twelve months, whereas nephritic animals fed a low protein diet 
tended to recover from their acute nephritis Administration of comparable 
amounts of nephrotoxin to rats of the Whelan and Evans strains resulted in acute 
renal injury of about equal scveritv Wistar rats, on the other hand, displayed a 
milder degree of acute injurj following the same dose of nephrotoxin The acute 
nephritis regressed rapidlj during the first month in Evans and Wistar rats 
maintained on a high protein diet In the majoritv of these animals, however, 
recurrences developed after a latent period of two to six months Although their 
urine became quite abnormal, onlv a few of these rats died of renal failure during 
the fourteen months of observation 

Differences in the response of the three strains of rats were dependent on 
hereditary factors and not on strain specificitv of the nephrotoxin, since nephrotoxin 
prepared in rabbits by injecting kidney tissue from Whelan and from Wistar rats 
induced similar renal leactions 

Production of Pressor Substance by Anaerobic Autolysis o£ Renal Cortex 
Joseph Victor, Alfred Steiner and David AI Weeks, New York City Hos- 
pital and Columbia University, New York 

The experiments to be described were concerned with the role of oxvgen in the 
elaboration of pressor substance by the kidnc) Dog renal cortex was sliced about 
0 2 mm thick and incubated in 2 parts of plasma or Krebs solution at 37 5 C in 
the presence and in the absence of oxygen for one to three davs The fluid filtered 
from the mixtures autolyzed in nitrogen showed on intravenous administration a 
powerful pressor action The systolic blood pressure increased 20 to 300 mm of 
mercury in 24 tests in 7 dogs The fluid of the mixtures autoly'zed m oxygen, on 
the contrary, decreased the blood pressure 40 to 18G mm in 7 of 10 tests m 5 dogs 
When the medulla of the kidney was prepared in a similar fashion, the fluid of the 
mixtures autolyzed in nitrogen increased the blood pressure onlv 4 to 25 mm m 
5 of 7 tests in 6 dogs Afedulla incubated in oxygen decreased blood pressure m 
2 of 3 dogs 

Similar results occurred when sterile, cell-free saline extracts of beef or dog 
renal cortex or medulla were treated in the manner described No pressor effects 
vv'ere obtained by comparable treatment of sterile, cell-free extracts of liver, spleen, 
lung or heart muscle 

Effect of Induced Collateral Circulation from the Spleen to the Ischemic 
Kidney on Experimental Renal Hypertension Davud AI Weeks, 
Alfred Steiner, James S AIansfield and Joseph Victor, New York City 
Hospital and Columbia Univ’’ersitv% New York 

The object of this investigation was to study (1) the influence on blood pressure 
of pexis of the spleen to the ischemic kidney, (2) the existence of collateral circula- 
tion in such preparations and (3) the effect on blood pressure of the subsequent 
removal of the joined organs After a group of 8 dogs was maintained hypertensive 
bj' the Goldblatt method, an operation joining the cut parenchymas of spleen and 
kidney" was performed on each The blood pressure of all 8 dogs fell following this 



SOCIETY TRANSACTIONS 


729 


operation Of the 7 animals showing a persistent fall in blood pressure, collateral 
circulation to the capillaries about the tubules, and not in the glomeruli, was demon- 
strated m 5 by injections of india ink and microscopic examination In the 
animals surviving the removal of the pexis more than three days, an elevation 
of blood pressure to the previous hypertensive level occurred A collateral circula- 
tion established by pexis of spleen and ischemic hidney increases the blood supply 
to the renal tubules and lowers the blood pressure in experimental hypertensive dogs 

Effect of Nitrogen Retention on the Regeneration of Plasma Proteins 
Russell L Holman and J Gilmer Mebane, University of North Carolina, 
Chapel Hill 

Experiments were performed to determine whether the impaired formation of 
plasma proteins in nephritis is related to retention of nitrogen or to other factors 
In normal adult dogs, maintained on a standard low protein diet, the plasma pro- 
teins, including the reserve stores were depleted to a basal level of 4 per cent 
by repeated bleeding and return of the washed red blood cells suspended in saline 
solution (plasmapheresis) After the hypoprotememic state had been established, 
uranium nitrate was injected subcutaneously, and the effect of the ensuing elevation 
in nonprotein nitrogen on the production of plasma proteins was followed Three 
dogs have been tried, with uniformly negative results The data will be presented 
and their significance discussed 

The Antianemic Principle in Liver from Patients with Carcinoma of the 
Stomach and of the Cecum John R Schenken, Joseph Stasney and 
W Knowlton Hall, Louisiana State University and Charity Hospital of 
Louisiana, New Orleans 

The administration of an extract prepared from the liver of a patient whose 
death was due to a scirrhous carcinoma of the pyloric and prepyloric portions of 
the stomach to 2 patients with typical addisonian pernicious anemia failed to pro- 
duce a reticulocyte response The administration of a control extract prepared 
under exactly the same circumstances from the liver of a patient whose death 
was due to cerebral hemorrhage caused marked hemopoiesis in a patient with 
typical pernicious anemia 

Extracts prepared from the livers of 2 patients who had died, the first with 
an extensive carcinoma of the stomach without involvement of the pylorus and the 
second with carcinoma of the cecum, stimulated hemopoiesis when injected into 
patients with macrocytic hyperchromic anemia 

The antianemic principle in the liver was absent in the patient whose pyloric 
mucosa was replaced by neoplastic tissue and present in the liver of the patient 
whose entire stomach except the pylorus was involved by carcinoma It is of 
interest that the mucosa of the pyloric region, according to experimental observa- 
tions, IS the most active m the production of the “intrinsic factor ” 

Effect of Varying Doses of Estrogen on the Incidence of Mammary 
Gland Carcinoma in Strain CaH Mice John R Schenken and Edward 
L Burns, Louisiana State University, New Orleans 

The relationship between carcinoma of the mammary gland and estrogen was 
tested quantitatively by injecting progynon B into 122 male mice of strain CsH, 
beginning at the age of 2 weeks These animals were divided into seven groups 
Group 1 received 3,000 rat units in two doses over a period of three days The 
remaining six groups received 100 rat units weekly for varying periods of time 
as follows group 2, four weeks , group 3, eight weeks , group 4, twelve weeks , 
group 5, sixteen weeks , group 6, twenty weeks , group 7, continuously throughout 
the lifetimes of the animals The controls were 28 untreated breeding males 
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and 46 untreated breeding females of strain GH Onh' animals which had lived 
five months or longer weie included in this study The incidence of tumors of 
the mammarj glands was determined at necropsy 

No tumors developed in animals of groups 1 or 2 A low incidence of 
tumors was observed in animals of groups 3 and 4 A relativelv high and 
essentially equal occuirence of tumors was noted in mice of groups 5, 6 and 7 
No tumors were noted among the male con rols A slightly higher percentage of 
the female controls showed tumors than of aii} of the experimental groups 

Effect of Intracutaneous Growth of Brown-Pearce Tumor on Preexisting 
Testicular Tumor O Sapiiir, M Apppi and A A Str\uss, Michael 
Reese Hospital, Chicago 

It is w'ell known that the transplantation of Biown-Pcace carcinoma into the 
testicle of a rabbit lesults in a large tumor with diftusc metastases Sponta- 
neous regression is rare It is also recogni/cd that the intracutaneous trans- 
plantation of Brown-Pearce carcinoma in a rabbit rtsiiKs in a cutaneous tumor 
which soon regresses, leaving the animal immune to subsequent transplantation 
of this tumor, regardless of the site of transplantation These experiments brought 
fouvard an additional fact, namely, that in rabbits alrcad\ afflicted w'lth testicular 
Brown-Peaice carcinoma and metastases the intracutaneous transplantation of 
homologous tumor results in cutaneous tumors which often regicss Furthermore, 
follow'ing 1 egression, the piecxisting and coexisting testicular tumois and their 
metastases also undergo regiession The histologic features of these regressing 
tumors are discussed 

Distribution of Large Doses of Radioactive Phosphorus in Rats Shields 
Warren and R F Cowing, Harvard Unnersity, Boston 

Radioactive phosphorus prepared bv the department of pin sics of Hariard 
Unnersity bv neutron bombaidmcnt of red phosphorus, was injected, m the form 
of dibasic sodium phosphate, intrapentoneallv in rats The dose given ranged 
from 16 to 30 microcuries per animal The content in the blood dropped in the 
first fortv-eight hours, and the content in the urine fell sharplv also Approxi- 
matelj 6 per cent of the amount injected was excreted in the first three hours 
Measurements w'ere made with a Lauritscn tipc electroscope The experimental 
error is probablj' 15 per cent The tissues containing most phosphorus were 
Iner \oluntar-\ muscle, bone, spleen and kidncis The histo'ogic obscriations 
w’lll be reported 

Induced Tumors of Salivary Glands of Mice H\roid L Stew'irt, National 
Cancer Institute, Bethesda, Md 

A solution of 1 2 5 fi-dibcnranthracenc oi meth} Icholanthrene in lard or light 
liquid petrolatum w^as injected into the saluarv glands of 8f) male and female mice 
of strains A and CaH In 12 additional male mice of strain A cotton threads 
coated wuth crjstalline benzpyiene weie stitched into the glands, one in each, 
and allow'ed to remain Tumors de\ eloped in 69 mice Histologicall) , the tumors 
W'ere squamous cell or adenosquamous cell carcinoma spindle cell sarcoma, 
rhabdomj osarcoma or a mixed grow’th composed of one or more of the fore- 
going types One tumor was unclassi liable The average latent period for the 
development of the tumors m 19 male strain CnH mice and in 26 male strain A 
mice 111 w'hicli 0 34 mg of methylcholanthrene had been injected into tbe salivary 
glands was thirteen and one-tenth weeks and tw'elve and seien-tenths weeks, 
respectively The possibihtj' that the sarcomas may have originated from the 
muscular and connective tissues surrounding the sahvaiy glands is under investi- 
gation 
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Radioactive Iodine as an Indicator in T1 yroid Physiology Observations 
on Patients with Goiter Saul Hertz, A Roberts, J H AIeans and R 
D Evans, Massachusetts General Hospital, Boston 

In a series of patients with goiters of various types it was found possible to 
trace iodine by means of radioactive “labeling” and to determine not only the 
uptake by the gland but the rate of excretion of the iodine from the body As a 
result, certain inferences as to the possibility of therapeutic application of ladio- 
active iodine can now be made 

Coronary and Aortic Sclerosis, Periarteritis Nodosa, Chronic Nephritis 
and Hypertension as Sequelae to a Single Experimentally Produced 
Widespread Calcium Precipitation in the Rat Arthur W Ham, Uni- 
versity of Toronto, Ontario, Canada 

Rats fed either (1) a single massive dose of activated ergosterol or (2) a diet 
rich m calcium, phosphorus and phosphoric acid for three weeks were found to 
have, soon after, widespread calcification of their vascular systems and kidneys 
The initial calcification in the arteries was followed in both cases by intimal pro- 
liferation, which seemed to be of a reparative character Several senes of animals 
given a massive dose of activated ergosterol were allowed to live until they died of 
the complications arising from the original calcification These animals seldom 
lived for a year, but most of them lived foi more than six months At autopsy 
they presented a picture of severe arterial and renal disease, complicated by hyper- 
tension The original lesion in the kidney consisted of calcification of tubules in 
the loop of Henle, calcification in and about the glomerular tufts and calcification of 
glomerular arterioles, as well as calcification in some of the larger vessels This 
original lesion was followed by glomerular fibrosis and cyst formation in blocked 
tubules Hyalinization in glomeruli and in arteries became prominent latei, as did 
periarteritis nodosa in the intestinal arteries More than half the animals revealed 
the latter condition, which has been shown by others to be related to hypertension in 
the rat None of the controls exhibited this lesion 

Transformation of the Mycelial Form of Histoplasma Capsulatum, Darling, 
to the Yeastlike Form in Mice Robert J Parsons, University of 
Michigan, Ann Arbor 

Recently Histoplasma capsulatum v\as isolated on biopsy of a nasal septal ulcer 
of a female patient The granulomatous tissue about the ulcer contained great 
numbers of large mononuclear phagocytes which were heavily parasitized by yeast- 
like bodies, tentatively designated as Histoplasma capsulatum Cultures of the 
ulcer base on tartaric acid-agar medium at room temperatures (Pellett) resulted in 
growth of the mycelial form of H capsulatum Since only the j'eastlike form 
produces progressive disease in man and animals, I wished, for experimental pur- 
poses, to transform the mycelial to the yeasflike form This was successfully 
accomplished by injecting the mycelial form intravenously into young mice Autopsy 
of the mice has shown extensive parasitization of the so-called’macrophage system 
of cells by the yeastlike form of the fungus 


Genesis of Primary Pulmonary Lesions in Experimental Tuberculosis of 
Dogs F D Gunn and Moore A Mills, Northwestern University, Chicago 

The result of intrabronchial insufflation of adequate doses of virulent tubercle 
bacilli (human or bovine Ape) in dogs is at first a localized, low grade inflammatory 
reaction in the parenchyma, characterized by exudation of polymorphonuclear 
leukocytes and monocytes and by proliferation of septal cells Cells of the large 
mononuclear exudate tepe predominate after about twentv-four hours The lesions 
enlarge by direct extension in all directions and become solid in the center, and 
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necrosis begins in one oi more foci, usually in several places at the same time in the 
larger pneumonic lesions After caseation has become extensive, evacuation of 
necrotic material may occur if a bronchus of sufficient magnitude is involved In 
this case, reaspiration of infectious material results in the formation of numerous 
foci of tuberculous bronchopneumonia in various parts of the lung Otherwise, the 
mass becomes slowly encapsulated, calcium salts are deposited in the caseous matter, 
and after several months stainable acid-fast bacilli may disappear from the lesion 
Encapsulation of a lesion does not necessarily mean complete arrest of the in- 
flammatory process, since the capsule tends to form just outside of the necrotic 
center and does not surround the entire granulomatous lesion 

Regional Ij'^mph nodes are invohed within a few days after initiation of the 
parenchymal lesion The degree of histiocytic hyperplasia and necrosis of I 3 mphoid 
tissue depends on the number of bacilli reaching the node Caseation of Ij'mph 
nodes usually occurs in the presence of caseous parenchjraal lesions Calcification 
occurs after a few or several months in a small percentage of cases 

A New Approach in the Therapy of Septicemia Due to Streptococcus 
Vindans in Experimental Animals O Gruhzit, Parke, Davis and 
Company, Detroit 

A study of substances of the sulfanilamide tjpe in which the sulfur group had 
been substituted with carbon, oxygen, nitrogen, phosphorus, arsenic or their 
oxidation products resulted in the discovery of substances active against Strepto- 
coccus vindans in mice Of these the paranitromethjlbenzene and its oxidation 
product, the paranitrobenzoate, possessed marked effect, doses as low as 015 mg 
per mouse administered orally twice daily for three days prevented death in 80 
per cent of mice whereas sulfanilamide gave negative results and sulfapyridine 
showed only slight activity The paranitrobenzoate exerts a specific effect on 
Str vindans in mice similar to that of sulfanilamide on the bctahemolj tic strepto- 
coccus It possesses only slight activity on betahemolj tic streptococci in mice and 
shows no activity against type I pneumococci or in tuberculous guinea pigs The 
paranitrobenzoate is relatively nontoxic Orally, for mice the minimal lethal 
dose IS about 30 mg per mouse, and for rats it is about 2 5 Gm per kilogram , 
intravenouslj^ the minimal lethal dose for rats is about 1 3 Gm per kilogram 
Dogs receiving daily 50 to 200 mg per kilogram for two or three weeks ha^e not 
shown anemia or cyanosis Dogs ha\c not shown nausea, vomiting or incoordina- 
tion with doses of 300 mg per kilogram Pigeons receiving 1 0 Gm per kilogram 
for se-ven days remained free from cj'anosis or other complications Experi- 
mentally, the administiation of pai amtrobenzoate appears to be a specific therapj'' 
for Str vindans infection in mice 

Influence of Diet on the Survival of Rats Repeatedly Exposed to Carbon 
Tetrachloride Vapor Jesse L Boliman, The Mayo Clinic, Rochester, 
Minn o 

Rats fed a diet adequate for moderate growth, which contained 40 per cent 
animal protein, 40 per cent carbohj'’drate and 8 per cent fat, were subjected to 
carbon tetrachloride vapor for thirty minutes three times each week The average 
survival time of this group was thirty-one and three-tenths days Other rats were 
fed one half of the control diet, the other half being replaced by an isocalonc 
equivalent of carbohydrate, protein or fat, respectively Considering the survival 
time of the rats fed the control diet as 100 per cent, the survival time of the 
animals fed carbohydrate, protein or fat was 156 per cent, 105 per cent and 87 per 
cent, respectively None of the treated animals consumed as much food as the 
untreated animals The ratio of the food consumption was control diet 72, carbo- 
hydrate 82, protein 86 and fat 71 The animals of each group which consumed 
more than the average amount of food, however, did not survive longer than the 
other members of the group 
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Marked necrosis of the liver was produced in all of the treated animals, and 
cirrhosis was extensive in all that survived a few weeks Most of the animals 
died with massive hemorxhage into the small intestine Such hemorrhages were 
not prevented by the administration of vitamin K by mouth The histologic pic- 
ture of the intestinal hemorrhages will be demonstrated 

The Agent o£ Lymphogranuloma Venereum in the Fertile Hen’s Egg 
Geoffrey Rake, Clara M McKee and Morris F Shaffer, Squibb Institute 
for Medical Research, New Brunswick, N J 

In an investigation of the agent of lymphogranuloma venereum, with a view 
to studying the activity of certain chemotherapeutic drugs thereon, an initial diffi- 
culty was encountered in the low pathogenicity for experimental animals of the 
strains of lymphogranuloma venereum available Use of Burnet’s inoculation 
method in the fertile hen’s egg did not produce much more satisfactory results 
When, however, the yolk sac method of inoculation suggested by Cox was adopted, 
the virus was found to multiply very readily in the walls of this sac Over twenty- 
five passages have been made by this method Both infectivity and lethal titers 
of the agent for the developing chick through 10 ^ have been obtained Centrifu- 
gation of yolk sac preparations first at 3,000 and later at 10,000 revolutions per 
minute gives a sediment of small granules resembling morphologically the ele- 
mentary bodies of the virus of vaccinia and similar to the granules described as 
specific for the agent of lymphogranuloma venereum by other workers These 
granules appear to represent the infectious agent They show a high infectivity 
compared to the supernatant obtained by supercentrifugation The granules evoke 
specific antibodies in rabbits and chickens 

Cultivation of the Virus of Lymphogranuloma Venereum on the Chorio- 
allantoic Membrane Marion E Howard, Yale University, New Haven, 
Conn 

The virus of lymphogranuloma venereum can be propagated on the chorio- 
allantoic membrane of the developing egg Specific lesions were observed m only 
30 per cent of the membranes, usually in those incubated four to six days Histo- 
logically, these lesions resembled the small abscesses found early in infected human 
glands Success of propagation is dependent on the time of transfer for a par- 
ticular strain and the temperature of inoculation 

Egg membranes made into Frei antigen and tested in known cases elicited skin 
reactions varying in size This variation seemed to be dependent on the piesence 
or absence of lesions as well as on the time of incubation Afembranes which had 
been incubated from four to six days and which showed lesions usually gave the 
largest skin reactions The infectivity of membranes seemed greatest after two 
to three days of incubation and w'as greatly reduced or absent after four to six 
days Infectivity and antigenicity do not run parallel This may explain some 
of the variations m human antigens 

Effect of Extravasated Antibody on the Antigenicity of Extracts of Virus- 
Induced Rabbit Papillomas John G Kidd, Rockefeller Institute for 
Medical Research, New York 

The results of experiments will be given which show that large quantities of 
the rabbit papilloma virus are rendered completely nonantigemc on neutralization 
in vitro with the antiviral antibody and that extracts of the virus-induced growths 
of wild and domestic rabbits which contain much extravasated antibody may fail 
to stimulate the production of antibody even when massive amounts are injected 
repeatedly into normal rabbits The fact was discovered incidentally that passively 
transferred antibody may be responsible for resistance to the papilloma virus 
following injections of extracts of the growths intrapentoneally into normal rabbits 
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The findings disclose the stiict limitations of immuni7ation expciiincnts of the 
sort described as a means of demonstrating whether “masked” virus is or is not 
piesent in extracts of the virus-induced growths Since extravasatcd antibodv is 
usually present in the giowths, and since it not only neutralizes the virus when 
the growths aie extracted but also renders the extract nonantigcnic, it appears 
to be impossible to demonstrate by this method that “masked” vnus is absent 
from a gnen extract unless it is known that antibody is also absent The cancers 
deriving fiom the virus-induced papillomas of cottontail rabbits frequently contain 
an excess of extravasatcd antibody, and hence it follows that the attempted immuni- 
zation of normal rabbits wuth extiacts of these growths w'ould fail to provide 
decisne evidence as to whether the virus is or is not present in them 

Lesions o£ the Tissues in Dehydration Shock Harry A Davis, Louisiana 

State University, New' Orleans 

Deltydiation shock was produced m dogs by injecting subcutaneously 25 pei 
cent sodium chloride solution in doses of 25 cc per kilogram of body weight All 
of the animals presented evidences of extreme hemoconceniration, and death 
occurred within five to fifteen hours The brain was cjanotic and revealed 
petechial hemorrhages in the leptomeninx and undcrijing cortical tissue The 
capillaiies W'cre extremely distended, and the number of those visible was increased 
by actual count 

The lungs w'erc reddish blue and studded wuth minute and larger hemorrhages 
The capillaries in the ahcolar w'alls were packed w'lth red blood cells, and there 
was extravasation into the alveoli and beneath tlie visceral pleura In those 
animals which survived for ten hours or more there w'cre, in addition, focal areas 
of pulmonary edema There w'ere subendocardial and subepicardial hemorrhages, 
W'lth petechiae between the mjocardial fibers The capillaries of the serosae and 
of the mucosae of the stomach, duodenum, jejunum and rectum were distended, 
so that these surfaces appeared dark red The spleen revealed marked distention 
of the sinusoids and cxtensiv'e hemorrhages beneath the capsule and about the 
malpighian corpuscles The capillaries of the zona fasciculata and zona reticularis 
of the adrenal glands were markedly distended In addition, tliere were petechia’ 
hemorrhages with minute areas of neerosis and diffuse and focal collections of 
polymorphonuclear leukocytes in this portion of the adrenal cortex In the liver 
there was extreme distention of the capillaries about the central veins, as well as 
hemorihages into the liver substance and beneath the capsule The capillaries of 
the kidneys were distended, and there was marked albuminous change in the 
epithelial cells of the convoluted tubules There was edema of the subcutaneous 
and intei muscular connective tissue at the site of injection, but no necrosis 

Chemical Analysis o£ Vaccinal Elementary Bodies Cii vrlfs L Hoaglvnd, 

Joseph E Smadel and Thomas M Rivers, Rockefeller Institute for Medical 

Research, New York 

A chemical investigation of relatively pure preparations of elementary bodies 
of vaccinia, begun by Hughes, Parker and Rivers in 1935, has been extended to 
include quantitative determination of cholesterol, cholesterol esters, phospholipids, 
neutral fats, reducing sugars, ammo acids, nitrogen, carbon and phosphorus The 
analjses have also included similar determinations on the crude dermal pulp and 
on various discarded sediments from which the elementarv bodies were finally 
separated Whereas materials discarded early m the course of purification have 
been found to vary markedly in their chemical makeup from lot to lot (total fat, 
8 0 to 10 0 per cent, nitrogen, 115 to 13 8 per cent, phosphorus, 0 3 to 0 48 per 
cent, reducing sugars after hydrolysis, 19 to 2 3 per cent), the final preparations 
of elementary bodies show a surprising constancy of analytic values (total fat, 
4 0 to 5 5 per cent, nitrogen, 14 9 to 15 3 per cent, phosphorus, 0 57 to 0 59 per 
cent , reducing sugars, 2 5 to 3 0 per cent) Moreover, mtradermal titrations of 
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each lot revealed a high degree of infectivity, consistent with the constancy of 
the analytic data Such data tend to show a degree of chemical complexity not 
observed in certain plant viruses but approaching that of more highly organized 
bacteria and protozoa 

Specific Neutralization of the Virus of Myxoma Robert F Parker, 
Western Reserve University, Cleveland 

Reliable results in the titration of the neutralizing potency of immune serum 
can be obtained when the “SO pei cent” end point is used in titrating the virus 
This end point, a theoretic dilution of virus which on inoculation should give use 
to 50 per cent positive results, is calculated from the results of quadruplicate 
inoculation of tenfold dilutions of virus The use of this or of a similai end 
point is necessitated by the particulate nature of the virus Neutralizing capacity 
IS then defined as the difference in titer of virus when it is titrated m the presence 
of normal and of a given dilution of immune serum 

By this test it has been found that serum of animals convalescent from infection 
with myxoma neutralizes small but constant amounts of virus and that the amount 
neutralized bears a regular relation to the concentration of serum Serum of 
animals given injections of solutions of soluble specific substances but not active 
virus also neutralizes appreciable amounts of virus 

Further Inoculation Experiments with the Virus of the Common Cold 
H M Powell, A L Sparks and G H A Clowes, Eli Lilly and Company, 
Indianapolis 

Six strains of the virus of the common cold following tissue culture propaga- 
tion have been passed thiough Swiss mice, with scarcely more than very mild 
lesions developing Virus alone did not kill , a few deaths occurred when 
organisms resembling Pfeiffer’s bacillus were encountered as associated bacteria 
Several passages of the virus through ferrets have been made, and frequent 
responses of temperature have been observed We have observed little local effect 
when either attenuated or raw virus has been injected into human subjects Raw 
virus when used in human subjects has appeared now and then to have been the 
cause of colds, so that further work is necessarv before this agent can be used in 
man with success 

Effect of Immune Serum and Vaccines on Experimental Arthritis Pro- 
duced by the Filtrable Micro-Organisms of the Mouse Pleuropneu- 
monia Group Aibert B Sabin and Isabel M Morgan, Rockefeller Insti- 
tute for Medical Research, New York 

The filtrable micro-organisms of the mouse pleuropneumonia group can be 
classified neither with bacteria nor with viruses Since their pathogenic properties 
appear to depend on then invasion of and intracytoplasmic multiplication in certain 
mesenchymal cells, it was of interest to determine the effect of immune seium 
and vaccines before and after infection Type B cultures intravenously injected 
into mice produced progressive, proliferative polyarthritis, with no evidence of 
involvement of anv other organs or tissues One cubic centimeter of immune 
rabbit serum (agglutinin titer, 1 2,000) injected intraperitoneally before injection 
of a culture completely prevented the aithritis in practically all mice, normal rabbit 
serum was without effect When the immune serum was withheld until definite 
arthritis appeared, there was no obvious effect for a week or two , then the joints 
which had already become involved continued to become more severely diseased 
and even other j oints became involved , after that time the arthritis in about 50 per 
cent of the mice cleared, while in the others it continued (in some to ankylosis) 
as in the controls Vaccination with concentrated suspensions of micio-orgamsms 
killed bv heating at 50 C for one-half hour did not have as good an effect as the 
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administration of immune serum, but qualitatively the results were of the same 
order The type A micro-organism produces a different disease, which was affected 
by homologous immune serum in a similar manner 

Role of Natural and of Acquired Immunity in Recovery from Virus 
Infections Robert & Green, University of Minnesota, Minneapolis 

In some virus diseases recovery may depend more on the natural resistance 
of the host at the time of onset than on the acquiied immunity arising during the 
course of the infection The natural immunity seems to be due to a resistance of 
cells to invasion by the virus as well as to the presence of antivirus in the blood 
The degree of susceptibility of the host is determined largely by the degree of 
susceptibility of those systems of cells to which the iirus is adapted In fox: 
encephalitis recovery from the natural disease appears to be cntirch dependent 
on the degree of natural immunity at the time of onset since fatalities occur 
regularlj’- within the first five da 3 "s of the disease and acquired immunity develops 
slowly The injection of combinations of antiserum and live virus as \accmes 
results in some fatalities, which may be cither early or delated but are principally 
the latter A slight degree of immunity acquired from a killed virus vaccine will 
protect against fatalities from serum and live -virus combinations 

Production of Immunity in Ferrets Against Various Strains of the Virus 
of Epidemic Influenza Frank L Horsfall Jr and Edwin H Lennette, 
the Laboratories of the International Health Division of the Rockefeller 
Foundation, New York 

A vaccine containing both ferret spleen and lung has been found to be effective 
111 producing immunity against different strains of the virus of epidemic influenra 
The vaccine was prepared from tissues obtained from ferrets eleven dajs after 
intranasal inoculation of a 1939 strain of the virus and was inactivated by formal- 
dehyde A single subcutaneous injection of the vaccine resulted in rapid develop- 
ment of solid immunity against infection by strains of quite different antigenic 
structures Vaccinated ferrets were found to be immune to both the PR8 and the 
W S strains as well as to various 1939 strains of the virus The serum of 
vaccinated ferrets possessed the capacity of neutralizing large amounts of different 
strains of the virus within a few da 3 '^s after vaccination and thereafter 

Vaccines prepared in an identical manner from the tissues of ferrets which had 
been inoculated with other strains of the virus have failed consistently to produce 
immunity after subcutaneous inoculation 
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Pathology An Introduction to Medicine and Surgery J Henry Dible, 
Professor of Pathology in the University of London, and Thomas B Davie, 
Professor of Pathology in the University of Liverpool Pp 931, with 
374 illustrations, including 8 plates in color Price, $10 Philadelphia The 
Blakiston Company, 1940 

The authors of this volume are experienced teachers of pathology with well 
defined views on methods of teaching The book is based on lectures which they 
have delivered to medical students This is evident from the agreeable informality, 
without loss of dignity or seriousness, that characterizes their piesentation Patho- 
logic changes are considered as a senes of processes going on m the living 
body and leading to certain consequences — signs, symptoms, functional changes 
and morbid anatomic results In the text greater effort has been made to teach 
how the diseased conditions arise than how to recognize them once the morbid 
anatomic changes have become established The authors insist that the right places 
to learn to recognize morbid anatomic conditions are the postmortem room and 
the museum and that no amount of textbook teaching can supplant these This 
attitude explains some of the conspicuous features of the book 

The conventional subdivisions, general pathology and special pathology, have 
not been followed As to the arrangement of their material the authors state 
that they have “fallen back upon that characteristically English solution of a 
difficulty a compromise ” Inflammation, as the most fundamental process m a 
pathologic involvement, is consideied first and then follow chapters on circulatory 
disturbances, degenerations, tumors and immunity This constitutes the first section 
of the book, covering 234 pages, with 119 illustrations The discussion of general 
principles and that of tumors (to which 79 pages aie devoted) are briefer than 
IS usually considered adequate for medical students in this country This brevity 
IS made possible by emphasizing the dynamics of the various processes and by 
giving less attention to the more static features of gross and microscopic 
appearances 

The second section of the book, 165 pages, deals with special infections This 
section begins with a detailed discussion of three illustrative types — of anthrax, as 
an example of a septicemic disease, of diphtheiia, as a toxemia, and of actino- 
mycosis, as a subacute inflammatory process This is followed by briefer con- 
sideration of common infections, classified according to their causative agents — 
staphylococcic, streptococcic, mycobacterial, spiiillar and anaerobic infections, rheu- 
matism, gonorrhea, undulant fever, glanders, cholera and plague, and virus diseases 
(a chapter) 

The third and final section, 397 pages, is given up to systemic diseases, and in it 
the more important pathologic conditions which have not alread}’' been dealt with 
are discussed Animal parasitic diseases are omitted entirely , likewise, gynecologic 
conditions In this third section a chapter on iron and pigment metabolism is 
placed between the chapters on the alimentary system and those on the genito- 
urinary system 

Certain features of this volume deserve special mention The value of the 
descriptions of the “technique of blood examination,” pages 464-467, and of “tests 
for renal function,” pages 767-772, in a book of this kind is questionable because 
their necessary brevity renders them inadequate On the other hand, praise is 
due for the chapter on “Pathologic Changes in Respiratory Function” with special 
emphasis on Cheyne-Stokes respiration, hj^perpnea, anoxemia and cyanosis, for 
the chapter on “Renal Function in Disease,” i e, the ^arlous types of nephritis, 
and for the table of “Findings in the Cerebrospinal Fluid ” Among the numerous 
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tables and diagrams, most of which are pcitincnt and helpful, only a few can be 
mentioned Figure 89 is a diagram of the spread of cancer from the primary 
growth by lymphatic permeation and embolism In tlic diagrammatic figure 224 
arrows indicate the direction of impedance to blood flow in cardiac decompen- 
sation due to left-sided ^ahular disease Figure 276 illustrates the effect of 
emphysema of the chest on diaphragmatic respiration Figure 305 shows the 
anastomoses between the portal and the systemic cnculation Figure 308 is a 
diagram of the production and relationship of tlie bile pigments The schematic 
representation in figure 314, of the course and relationship of the different forms 
of nephritis, w'lll be helpful The effort to emphasize the clinical aspects of 
pathology is indicated b} the inclusion of discussions of tlie chemotherapy of 
sjphilis and of the serum treatment of pneumonia 

The subtitle, “An Introduction to Medicine and Suigcrj,” lc^eals the purpose 
of the authors in preparing this book It is doubtful if it wnll meet the require- 
ments of American teachers of patholog^' as a textbook for medical students 
But pathologists interested in teaching w'lll find m it man\ useful methods of 
piesenting material that is not new The authors ha\e made an effort, admittedly 
successful, to present the important facts of pathologj^ from a djnamic rather 
than from a static point of view' To accomplish this the}' ha\e omitted much 
that IS considered indispensable m a standard textbook of pathology, but they 
have included much that usual I 3 finds no place in such a text There has been a 
definite trend in this direction in the revised editions of textbooks on pathology 
during the past few jears, but the present autliors ha\c gone beiond the w'l iters 
of any of the more popular American texts Because of the effcctnc correlation 
betw'een pathologv and clinical medicine and surger}, this ^olumc should be 
especial!} inteiesting and useful to practicing plnsicians It will also meet 
adequately and eftectnch the requirements of a textbook in patholog}' for dental 
students because of its lack of unnecessary detail w'lthout undesirable abridgment 
of the descriptions of the more important pathologic processes 

In the selection of the 374 figures in the text the authors ha\c intentionally 
"omitted many of those w'hich illustrate common conditions which cser}' student 
should be familiar w'lth in the post-mortem loom or the operating theater” The 
publishers liaie produced a book of excellent appearance The t^pe is large and 
easil} readable, but with less important topics in smaller print The illustrations 
are well leprcduced, and their details aic clear I\Iost of them leaic little to be 
desired The index occupies 34 pages and is well ai ranged, with the chief subjects 
announced in heaw Upe 

The Rise of Embryology Arthui William !Meyei, Professor of Anatomy, 
Emeritus, Stanford University Cloth Pp 367, with 97 illustrations Price, 
§6 Stanford Umversit}, Calif Stanford Unneisit} Press, 1939 

In this volume Professor Meyer’s historical talent finds its most ambitious 
expression Some aspects of the subject mattei have already been treated by 
him in independent essays, but most of the mateiial is new' The method of 
approach is that of quotation from oiiginal sources, woven into a franiew'ork 
of explanation and comment It is this presentation of obscuie and widely scat- 
tered source material that makes the book especially valuable to readers who 
have neither the ability nor the patience to attempt the searching out, translating 
and collating of the original articles Indeed, were ability and ambition equal 
to the task, access to the writings of many pioneers in biology would still be 
lacking to most 

Fifteen chapters treat of the following topics early ideas of repioduction and 
generation , epigenesis , preformation , pangenesis , panspermia , search for the 
mammalian ovum, discovery, origin and meaning of the spermaozoon, changing 
ideas of impregnation, role of the “mule”, problem of malformation, early visual 
aids , growth of morphology , early experimental embryology There are 97 
illustrations, 408 entries in the bibliography and an adequate index 
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The senous worker in biology and medicine will welcome Professoi Mej^er’s 
contribution with gratitude It represents a laborious task done well by one 
eminently competent to select judiciously, to interpret penetratingly and to weigh 
with rare discrimination Even immature students in these sciences should be directed 
to such representative chapters as that on the changing ideas of impregnation 
and that on the search for the mammalian ovum Only in this way can the 
tyro be made to “realize that it required long and arduous effort, and clear 
thinking as well, to establish e\en the simplest facts — those he now takes foi 
granted ” 



Books Received 


Clinical Roentgenology of the Alimentary Tract Jacob Buckstein, M D , 
Visiting Roentgenologist (Alimentary Tract Dnision), Bellevue Hospital, New 
York, Consultant in Gastroenterology, Central Islip Hospital Cloth Pp 652, 
with 525 illustrations Price §10 Philadelphia and London W B Saunders 
Company, 1940 

Shock and Related Capillary Phenomena Virgil H Moon, AB, AISc, 
MD, Professor of Pathology, Jefferson Medical College, Director of Labora- 
tories, Jefferson Medical College Hospital, Visiting Chief Pathologist, Philadelphia 
General Hospital Cloth Pp 442, w'lth 30 illustrations Puce S3 50 London, 
New' Yoik and Toronto Oxford University Press, 1938 

Dermatologic Allergy An Introduction in the Form or a Series or 
Lectures Marion B SuDbeiger, MD, Assistant Clinical Professor of Derma- 
tology and Syphilology, Skin and Cancer Unit of the New York Post-Graduate 
Medical School and Hospital of Columbia University, Associate Attending in 
Deimatologj' and Syphilolog>', iMontcfiore Hospital, New' York, Consultant in 
Dermatology and Syphilology, French Flospital, New' York Cloth Pp 540, with 
48 illustrations Price S8 50 Springfield, 111 , and Baltimore, Md Charles C 
Thomas, Publisher, 1940 

Directory or Medical Specialists Certipied by Americvn Boyrds 1939 
Paul Titus, MD, Directing Editor Cloth Pp 1573 Price S5 New' Yoik 
Columbia University Press, 1940 

Meddelelser rRA Dr F G Gades pathologisk-anatomiske lyboratorium 
I Bergen, 1939 Paper Vaiious pagination Bergen, 1940 

La creatine Etude Piiysio-pytiiologique Jean Vague, Chef de chnique a 
la faculte de medicine de Maiseille, and Jean Dunan, Chet de-laboratoire Preface 
by Professeur J Roche Paper Pp 256 Price §1 40 Pans Masson & Cie, 
1940 

Chemistry of Disease Meyer Bodanslcy, Ph D , kl D , Director of the John 
Sealy Memorial Laboratoiy and Professor of Pathological Chemistrj', University 
of Texas School of Medicine Oscar Bodansky, Ph D , kl D , Lecturer in Bio- 
chemistrj'. Graduate Du'ision, Brooklyn College Cloth Pp 684 Price §8 
New York The Macmillan Company, 1940 
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EXPERIMENTALLY INDUCED BENIGNANCY 
OF NEOPLASM 

IV SUPPRESSION OF MITOTIC ACTIVITY BY 
SO-CALLED IMMUNIZATION 

AUSTIN M BRUES, MD 

AND 

WILLIAM T SALTER, MD 

BOSTON 

In studies conducted over twenty-five years ago on the inhibition 
of malignant growth produced by so-called immunization/ Woglom ^ 
had the impression that sarcoma so inhibited showed fewer mitoses 
in the histologic section than did the rapidly growing controls He 
assumed that such momentary estimation of the number of mitoses 
measured the actual rate of the mitotic multiplication of cells going on 
in the tissue This assumption was not checked by direct quantitative 
observations 

In recent years Dustin,® Allen and his co-workers ^ and Brues and 
Cohen ® have introduced, m histologic studies, the use of colchicine to 
exaggerate the evidence of mitotic division Although various investiga- 
tors disagree at the moment on the mechanism involved, all agree that 

This investigation was aided by grants to William T Salter from the Inter- 
national Cancer Research Foundation and from the Committee on Research in 
Endocrinology of the National Research Council 

From the Medical Laboratories of the Colhs P Huntington Memorial Hospital 
of Harvard University, the Thorndike Memorial Laboratory, Second and Fourth 
Medical Services (Harvard), Boston City Hospital, and the Department of 
Medicine, Harvaid Medical School 

1 Throughout this paper the terms “immunity” and “immunization” are used 
in a specialized sense to indicate resistance against tumor growth on the part of 
the host 

2 Woglom, W H The Nature of the Immune Reaction to Transplanted 
Cancer in the Rat, in Scientific Report on the Investigations of the Imperial 
Cancer Research Fund, London, 1912, vol 5, p 43 

3 Dustin, A P Sang 12 677, 1938 

4 Allen, E , Smith, G AI , and Gardner, W U Am J Anat 61 321 

1937 

5 Brues, A M, and Cohen, A Biochem J 30 1363, 1936 
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the results obtained with this diiig leflcct lelative lates of cell multi- 
plication or the “readiness of the cell to divide ” ° For this reason it 
seemed advisable to compaie results obtained (a) directly, by determin- 
ing the percentage of cells in mitosis in unticated tumors, with parallel 
results obtained {h) aftei preliminaiy tieatment uith colchicine 

EXPERIMENTAL PROCLDUKL 

Pedigreed mice of the Bagg albino strain A were inoculated subcutaneously 
with sarcoma 180 These animals constituted the control group Test animals 
were fiist “immunized” by the procedure of Andervont " or by injections of 
nonviable tumor extract ® The “immunized” animals were then inoculated sub- 
cutaneously m the groin with tissue the same as that used for the control animals 
Coiisequentlj' there resulted in the “immunized” mice a graded senes of tumors, 
so that these animals could be classified as haMng (a) no tumors, (b) small 
tumors and (c) larger tumois Indeed, a few of the tumors were icrj large 
On the contrar}% all control animals usually had large tumors 

At various intervals of time, langing from fourteen to fort 3 '-fne dajs after 
inoculation in the groin, test and control animals were put to death simultaneoush 
The tumors were rapidlv remo%ed and fixed in Zenker's solution Paraffin sections 
of these tumors ivere prepared and stained with iron hematoxjhn and cosin The 
tumors from the control animals arc hereafter referred to as the controls, and the 
tumors from the “immunized" mice, as the “immunes ” The mitoses were enum- 
erated by the method previously described bj Brues and Marble ° Each result 
w’as recorded as the percentage of tumor cells undergoing mitosis m groups of at 
least 1,000 counted cells All stages of mitosis were included, from the dis- 
appearance of the nuclear membrane in prophase to the reappearance of normal 
nuclear configuiation in telephasc 

Colchicwc — Similar observations w'cre made in parallel experiments w’lth 
colchicine In prellmlnar^ tests a few mice w’ere given varying doses of the 
alkaloid subcutaneously for the purpose of titrating the effect of the drug on 
mitosis by bioassaj In this experiment the percentage of cells in each of the 
various stages of mitosis was determined and also the percentage of those in 
abnoimal stages, i e, lacking spindles The results of this prehminarj titration 
of the effect of colchicine are shown in table I TJiey indicate that a dose of 0 025 
mg m a 25 Gm mouse ga^e optimal exaggeration of mitotic actnitj Incidentally, 
this increase m mitoses Avas made up largelj of abnormal forms Accordinglj, 25 
micrograms of colchicine w'as gu'en subcutaneousb to parallel series of control 
and “immune” adult mice from eight and one-half to nine hours prior to killing 
the animals 

EXPERIMENTAL RESULTS 

A comparison of the numbei of mitoses in control and in “immun- 
ized” tumors, both Avith and without preliminai) colchicine treatment, 
IS shown in table 2 These data constitute a complete experiment, 
designated as group A It can be seen that Avitbout colchicine mitoses 
are most numerous in contiols during the fiist thirty days after inocula- 

6 Dustin, A P Compt rend Assoc d anat, Basel, April 10-14, 1938 

7 Andervont, H B Pub Health Rep 47 1859, 1932 , 49 60, 1934 

8 Salter, W T , and Wilson, H Unpublished data 

9 Brues, A M , and Marble, B B J Exper Med 65 15, 1937 
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tion and that their numbei ib deu eased slightly in “inimunes” at all 
intei mediate mteivals of time within this peiiod The oldei controls 
(i e , after thirty days) also have a low rate of mitosis 

Aftei prehminaiy tieatment with colchicine the same general rela- 
tionships hold between controls and ‘^immiines” as in the untreated 
senes The variability in all gioups was rathei laige, as indicated 
by the standard deviations This vai lability seemed due in laige part 
to vai lability m the si/es of the respective tumors There was sti iking 
consistenc}^ m the distribution of mitotic phases in the two groups, as 
seen m table 1, gioup A In general, the a\erages of each phase in 
the control group showed twice the mimbei of the '‘immune” gioup 
Even more noticeable was the parallelism between mitosis and tumor 



Fig 1 — Relation between tumor size (expressed as length) and percentage 
of cells m mitosis ten hours after colchicine treatment and eighteen da\s after 
inoculation of mice with tumor The coefficient of correlation for controls and 
“immunes” combined equals 0 63 ± 0 09 

size The values foi a chai actenstic expeiiment with colchicine, in 
which all animals were put to death at the same time (eighteen days 
after inoculation with tumor), aie showm m figuie 1 It can be seen 
that there is good correlation between mitosis (aftei tieatment with 
colchicine) and tumor diameter It will be obseived also that a single 
tumor in the “immune” gioup gave abeiiant ^ allies foi both size and 
mitoses, in short, “immunity” had failed to develop in this animal, 
possibly through lapse of technic The coefficient of correlation betw^een 
size of tumor and rate of mitosis for the mixed data (contiols and 
“immunes” combined) is plus 0 63, for the “immunes” alone, plus 0 75 , 
foi the controls alone, plus 0 50 
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In the tumors given preliminar}'^ colchicine treatment there is a great 
increase in the total mitosis count over that found m the untreated This 
inciease is obviously due to the piesence of laige numbeis of abnoimal 
figures, which may be classed as pseudometaphases in which the mitotic 
spindle is lacking There are many dividing cells in which the spindle 
is present, however, and the late stages of mitosis are found m virtuaUv 
all of these tumors These cells, which show evidence of normal karyo- 
kinetic activity, are appioximately half as numerous as m the tumors 
not treated with colchicine This bears out an earlier observation on 
sarcoma 180 and suggests that in this tissue the abnormal figures 
represent only a prolongation of cell division 



Fig 2 — Relation between tumor size and percentage of cells in mitosis in 
tumors from mice not treated with colchicine twenty-five days after inoculation 
The coefficient of correlation for controls and “immunes” combined equals -p 0 62 
±0 06 

A separated senes of tumors, group B, was studied without 
colchicine treatment, as shown m table 1 For convenience, the data 
foi “immunes” and controls aie summari/ed in table 2, group B and 
m figure 2 Here, again, there was good coi relation between size of 
tumor and rate of mitosis, i e , 0 62 for the entiie group of “immunes” 
and controls, combined Theie was likewise good con elation m the 
distribution of mitotic phases in the two groups, as seen in table 2 
The ratio between homologous values Avas only about 1 6, instead of 
2 0, as 111 group A Nevertheless, the same striking parallelism existed 
between mitosis and size m the two groups, as demonstrated by the 


10 Brues, A M , and Jackson, E B Am J Cancer 30 504, 1937 
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data shown The ratio beh\een mean ^aIues for contioL and '‘immunes*' 
IS 1 7 ith 1 espect to length of tumor and 1 6 \\ ith i espcct to rate of 
mitosis 

COMMENT 

These data shoA\ that during the peiiod of actnc giowth of tumors 
inoculated in mice, whethei tieated Mith colchicmc oi not, the more 
lapidly growing tissues exhibit a higher percentage of cells m mitosis 
Consequently, the inhibition of gio\ith piodiiced b\ “immunization” 
actually does involve inhibition of the late of cell dnision Indeed, it 
appears that the “immune” and contiol tumors foim a statistical con- 
tinuum fiom small tumors with feiv mitoses to huge tumors m which 
mitotic activity is great 

After a time the tumois inoculated m control animals assume the 
mitotic activity of }oung tumois giowTiig in “immunized” animals 
This phenomenon coiiesponds to the “conca\c growth cui\e” described 
b} Schiek^^ and coiifiimed b\ Saltci and Wilson'^ d his retardation 
presumably reflects the development of lesistance to neoplasm occuriing 
spontaneously in contiol animals. CAcn though it is not sufficient to 
save the animals’ lives 

The piesent figuies suggest that about thiit\ da}S aftei inoculation 
with sarcoma 180 spontaneous “immunit\ ’ appeals in the control 
animals, foi the percentage of cells m mitosis diops to appioximately 
that of the “immune” gioup Although tiicie is gieat \aiiation m the 
peicentage of cells in mitosis undei all these \aiious combinations of 
experimental variables, it seems consideiably less than that recoided 
0 } Brues, Marble and Jackson foi icgeneiating luei For this reason, 
It appeals that a simple enumeiation of mitoses m histologic sections 
ot this tumor without pieliminary colchicine treatment constitutes a 
good measure of the late of cell multiplication The colchicine technic 
IS of gieatei value m the case of tissues m which the late ot mitosis 
is ^er} low or fluctuates from houi to houi 

SUMMAR\ 

A senes of “immune” tumois (saicoina 180 in strain A mice) 
shows a significantly lowei mean mitotic late than is seen m their 
controls The mitotic rate is closely correlated wuth size m individual 
tumors, and m these characteiistics immunized tumors and controls 
are shown to form a continuous series 

The effect of colchicine is to exaggeiate the visible evidence of 
mitotic division This exaggeration, as might be expected, is propor- 

11 Schrek, R Am J Path 12 525, 1936 

12 Brues, A At , Atarble, B B , and Jackson, E B Am J Cancer 38 159, 
1940 
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tionally higher in the group having a higher rate It does not appear 
that the colchicine technic is necessary in the estimation of rates of 
mitosis in tumors 

The process of “immunity” to tumors involves retardation of the 
mitotic rate This mitotic criterion of immunity appears in control 
tumors about thirty days after the mice have been inoculated, suggesting 
self immunity 



ALVEOLAR LINING OF THE LUNG IN RELATION 
TO THE AHABILITY OF THE FETUS 

MARY ZELDES. MD 

CHICAGO 

The presence oi absence of a la}er of epithelium lining the \\alls 
of the pulmonar} aheoh has been the souice of considerable con- 
tioveisy For ovei eight} years, since the subject was first introduced 
by Thomas Addison such authorities as Chi/onsrc/owsk} , Kolhker,^ 
Eberth, Elenz, Colberg and, moie lecently, L<mg, Rose,' klaximow 
and Bloom,^ Clara ^ Bai nard and Day,'^ Millei and Cooper " have 
reported conflicting results fiom histologic investigation of the alveolar 
lining The contiOA^eis} has narrowed down to the question of whether 
there is a continuous layei of epithelium, one made up of large non- 
nucleated plates interspersed wntli islands of small nucleated cells, or no 
alveolai cell lining at all but merely the walls of the capillaries sur- 
rounding the alveolar spaces Miller® stated that the great obstacle 
to a correct understanding of the ah eolar epithelium w'as the inability to 
dissect off the epithelial layer or to remove it by artificial means He 
W’as able to overcome this difficulty by observing pathologic sections 
(e g, in cases of pneumonia) in wdiich the epithelium was pushed off 
by the pouring of serous exudate behind it Barnard and Day ® inves- 
tigated 48 human fetal lungs and came to the conclusion that although 
the early alveolar spaces w’eie lined b} pseudostratified epithelium, this 
lining began to disappear after the sixth month of embryonic life and 
did not reappear Cooper^ demonstrated by histologic sections that 

From the Department of Patliologj’ of the Univeisitv of Illinois College of 
Medicine, the Department of Patholog}' of Cook Count}' Hospital and the Children’s 
Division of Cook Count}' Hospital 

1 Kolliker, A Verhandl d phys-med Gesellsch in Wurzburg 16 1-24, 

1881 

2 Rose, S B Arch Path 6 36, 1928 

3 Maximow, A , and Bloom, W Textbook of Histolog}', ed 2, Philadelphia, 
W B Saunders Company, 1934 

4 Clara, M Ztschr f mikr -anat Forsch 40 147, 1936 

5 Barnard, W G , and Day, T D J Path S. Bact 45 67, 1937 

6 Miller, W S , in Cowdry, E V Special Cytology, ed 2, New York, Paul 
B Hoeber, Inc , 1932 , The Lung, Springfield, 111 , Charles C Thomas, Publisher, 
1937 

7 Cooper, ERA J Path & Bact 47 105, 1938 
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there was a continuous alveolar epithelium which became somewhat 
attenuated in latei fetal life 

Although the literature has presented voluminous discussions of the 
histologic nature of the alveolar lining, little attention has been given 
to the relationship between the type of cells lining the alveoli and the 
viability of the fetus It is agreed that, whether the origin is ectodermal 
or mesodeimal large cuboidal cells make up the lining of the alveoli of 
young embryos and that after five oi six months of intrauterine life 
these cells become flattened The exact details of the supposed meta- 
morphosis of the cuboidal “epithelium” into flat plates interspersed 
with small inconspicuous cells of the alveolai walls have not been thor- 
oughly described Some have claimed that this transformation occurs 
in the later embryonic stages by distmtegration of the nuclei, degenera- 
tion of the cytoplasm and casting ofif of the cells Others have stated 
that the change is accomplished by an encroachment of capillaries and 
desquamation of the “epithelium ” 

Whatever the origin of the cells and the nature of their transforma- 
tion, the following questions arise Are these large cuboidal cells com- 
patible with life ^ Do they persist after five or six months of embryonic 
life as a pathologic phase of an earliei physiologic process 7 What 
relationship have they to livebirth and stillbirth of infants 7 Does the 
transition from nonrespiratory functioning cuboidal cells to respiratory 
functioning flat cells coincide with the transition from a previable to a 
viable infant^ 

The cause of stillbirths and neonatal deaths with no definite 
pathologic evidence of disease or injury has puzzled obstetricians, 
pediatricians and pathologists for many years, particularly when infants 
of viable age were born of healthy parents and by normal, uncomplicated 
deliveries Potter,® in a recent survey of a large number of fetal deaths, 
showed that m only 57 per cent of the cases could a definite pathologic 
state be determined at autopsy Public health statistics substantiate 
this observation — the difficulty encountered in establishing the cause 
of death during the neonatal period In many instances the autopsy 
revealed only pulmonary atelectasis, which is not regarded as a primary 
cause of death but is mterpieted as a secondary factor Prematurity 
alone could not always be the cause of death, because some infants 
weighing 1,000 Gm survived, while many of those at term did not 
Histologically, if one could demonstrate persistence of immature alveolar 
cells in a viable infant, the cause of death might be partially clarified 

Because of these problems, it was decided to study the lungs of 
human fetuses to determine the chronologic intrauterine age at which 


8 Potter, EL J A M A 112 1549, 1939 
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the transition from cuboidal to flat cells occurs and to determine the 
relation between maturity of the alveolar cell lining and \ lability of the 
fetus 

MATERI VL 

The lungs of SO newboin infants were examined grosslj and microscopically 
These lungs were obtained from Ineborn and stillborn infants The infants w^ere 
subdivided, according to Scammon’s classification (based on weight in grams, 
ciown-heel length in centimeteis and estimated intrauterine age), into abortive, 
previable premature, viable premature, full term and postmature groups 


METHODS 

Clinical Study — In ordei to establish a complete clinical background for each 
specimen studied histologically, data on the following points were recorded for 
each infant weight, height, sex, color, mother’s last menstrual period, expected 
date of delivery, actual date of delivery, estimated intrauterine age condition of 
infant at birth, signs of maturity or immaturity at birlli, age of infant at death, 
mother’s serologic record, and hours the infant was dead before autopsv was 
performed 

Gross Pathologic Examination — The weight, the crown-heel and crown-rump 
height, and the external evidence of matuutv were noted The position of the 
lungs in the thoracic cavity was observed The color and consistcncj of the lungs 
were recorded The lungs were tested to sec if thej would float in water, the 
individual lobes were also tested in this mannei Ihe cut section was studied 
The trachea and bronchi were examined for patency or occlusion bv mucus 

Fixation and Staining of Tissius — Four pieces of tissue were fixed in each 
case studied, these included a section irom (o) the apex of the right lung, (b) 
the hilus of the upper lobe of the left lung, (c) the hilus of the lower lobe of the 
right lung, and (d) the base of the lower lobe of the left lung The tissue from 
the right lung was fixed in Schaffer’s sa fluid, and that from the left lung was 
fixed in Carnoi solution After fixation, the tissues were embedded and blocked m 
the usual manner 

The sections were stained routmelv^ with hematoxylin and eosm In some 
cases, additional sections were treated with elastm H, azan and fibrin stains 

Microscopic Exannnatwn — The state of expansion or collapse of the alveoli 
was noted The cells lining the alveolar spaces were studied in great detail as 
to whether they were cuboidal or flattened or showed a combination of these types 
The contents of the alveoli and bronchi were noted Attention was also given 
to any unusual features, such as atvpical cells or evidence of aspirated material 

RESULTS 

Age and Classification of Infants — The lungs of 50 newborn infants 
were studied Of these infants, 20 were born aln^e and 30 were stillborn 

8a The composition of the fixing fluids is as follows (a) Schaffer’s fluid — 2 
parts of 80 per cent alcohol and 1 part of 40 per cent solution of formaldehyde , 
(_b) Carnoi solution — 6 parts of absolute alcohol, 3 parts of chloroform and 1 part 
of glacial acetic acid 
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The duration of life in the li\eborn was from a few minutes to forty- 
five days With the exception of 2 infants (one living forty-five days 
and the other fifteen days) none lived for more than twenty-seven houis 

The intrauterine age as estimated from the time of the last menstrual 
period varied fiom 12 4 weeks to 44 7 weeks According to Scammon’s 
classification, 14 infants were in the abortive group, 12 m the previable 
premature group, 18 in the viable premature group, 5 in the full term 
group and 1 m the postmatuie gioup 

Type of Alveolat Lining Cells Found — Large, immature, cuboidal 
cells weie found lining the alveoli of the lungs in 20 cases (figs 1 and 2) 
In 15 cases theie was a mixtuie of cuboidal and flat, mature cells lining 


Relation Between Intiautenne Age and Type of Cells Lining the Alveoli 

of the Lungs 




Tyne of Cells 


Intrauterine Age, Weeks 

r 

Cuboid 

Cuboid 
and Flat 

s 

Flat 

12 to 16 (4 cases) 

4 



16 to 20 (5 cases) 

4 

1 


20 to 24 (10 cases) 

8 

2 


24 to 28 (11 cases) 

3 

7 

1 

28 to 33 (10 cases) 

1 

4 

5 

33 to 37 (4 cases) 


1 

3 

37 to 45 (6 cases) 



6 


the alveoli (fig 3) In the remaining 15 cases there was a complete 
flattened alveolai lining such as that seen m the adult lung 

Type of Cells Compaied zvith Intiautenne Age — A cuboidal, imma- 
ture, nonrespiratory functioning type of cell was found lining the alveoli 
of all the fetuses undei 16 weeks of intrauterine age and of 80 per cent 
of those under 24 weeks of intrauterine age 

A flattened, mature, respiiatory functioning type of cell was found 
lining the alveoli of all infants that were over 37 weeks of gestational 
age and of 75 per cent of those over 33 weeks of gestational age 

A mixture of cuboidal and flattened cells was noted most frequently 
between the twenty-f oui th and twenty-eighth week and almost as fre- 
quently between the twenty-eighth and thirty-third week of intrauterine 
age (table) 

Type of Cells Accoiding to Scammon’s Classification — Computa- 
tions based on estimated intrauterine age are always subject to error, 
and it was deemed advisable to compare the type of alveolar cells with 





Fig 1 — Lung of a stillborn infant (weight, 400 Gm , length, 27 cm , intra- 
uterine age, 21 weeks) of the abortive group Cuboiclal cells form the lining of 
all the alveoli 



Fig 2 — Lung of an infant who lived fifty minutes (weight, 550 Gm , length, 
30 cm , intrauterine age, 22 weeks) of the previable premature group Cuboidal 
cells form the lining of all tne alveoli 
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Fig 3 — Aj lung of a stillborn infant (weight, 1,225 Gm , length, 39 cm , 
intrauterine age, 21 weeks) of the viable premature group There is a transition 
from cuboidal cells lining the alveoli in some areas to flattened cells in other areas 
B, lung of an infant who lived 45 days (weight, 850 Gm , length, 38 cm , intra- 
uterine age, 17 8 weeks) of the previable premature group There is a transition 
from cuboidal cells lining the alveoli in some areas to flattened cells in other areas 
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the grouping devised by Scammon, instead of iel}ing solely on the 
computed gestational age This classification, briefly is as follows 

1 Abortl^e Group 

Length less than 28 cm 
Weight less than 400 Gni 
Gestation less than 22 weeks 

2 Premature Group 
(a) Previable 

Length from 28 to to 34 9 cm 
Weight from 400 to 999 Gm 
Gestation from 22 through 27 weeks 
{b) Viable 

Length from 35 to 46 9 cm 
Weight from 1,000 to 2,499 Gm 
Gestation from 28 through 36 weeks 

3 Full Term Group 

Length from 47 to 54 cm 
Weight from 2,500 to 4,500 Gm 
Gestation from 37 to 43 weeks 

4 Postmature Group 

Length more than 54 cm 
Weight more than 4,500 Gm 
Gestation more than 43 weeks 

In an} case in wdiich the thiee Aariables did not tall into one group, 
the infant was consideied as in that group in which tw'O of the thiee 
factois were present 

The entire aboitne gioup of 14 fetuses w^as chaiacterized by a com- 
plete cuboidal lining of the aheoli Of the 12 infants in the previable 
prematuie group, half presented an immature cuboidal lining, while the 
remaining ones revealed a combination of cuboidal and flat cells In the 
viable premature group 9 infants weie noted to ha'se a mixed lining, 
and the other 9 repealed a complete matuie, flattened cell layer In 
4 of the 5 infants in the full term gioup a matuie, flattened “epithelium” 
was observed, w hile in 1 infant there was a mixture of cuboidal and flat 
cells The single postmature infant revealed a complete flattened lining, 
such as is seen in the adult lung 

Type of Cells in Relation to Lwchoin and Stillborn Infants — 
Twenty of the infants studied weie born alive Thiity were stillboin 

An investigation of the cases of hvebiith levealed that the alveolar 
lining cells w'^ere flat and mature in only 7 cases Four of the infants 
who were born alive and lived up to three and one-half hours had a 
complete la} er of immature, cuboidal cells lining the alveoli Nine infants 
had a transitional type of cell lining, composed of both cuboidal and flat 
cells 
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The clinical history of the 4 infants who weie born alive and were 
later noted to have an immature alveolar cell lining incompatible with 
respiration revealed that the duration of life was from a few minutes 
to three and one-half hours The weights ^arled from 265 to 980 Gm 
Two of these infants belonged to the abortive group Two belonged to 
the previable premature group All 4 infants were delivered in spon- 
taneous abortion, 2 in breech presentation The postmortem examina- 
tion showed prematurity and atelectasis in 3 of these infants and, m 
addition, subdural and subtentoiial hemorrhage in 1 

Among the 9 infants presenting a mixed lining of both cuboidal and 
flattened cells were the infants who lived forty-five and fifteen days, 
respectively Their deliveries were spontaneous and normal The 
infant who lived forty-five days weighed 850 Gm at birth and belonged 
to the previable premature group At autopsy, severe icterus and serous 
hepatitis were present The infant who lived fifteen days weighed 1,395 
Gm and belonged to the viable premature group The postmoitem 
examination revealed anomalies of the bladder, intersexuality and 
absence of the abdominal muscles 

The duration of life of the remaining infants of this group was from 
twenty minutes to six hours The weights of these infants varied from 
750 to 1,750 Gm Two of the infants belonged to the previable prema- 
tuie group Fi\e belonged to the Auable premature group The deliveries 
of the entire group were spontaneous and normal Two of the subjects 
were twins, and 1 was born m breech presentation, there was assoa- 
ated polyhydramnios, but the delivery w'as short and uncomplicated 
There were 2 others who were in breech presentation in this group, 
and 1 who was in compound presentation Since the alveolar “epithe- 
lium” composed of cuboidal and fiat cells in this group had the poten- 
tiality of respiration, the possible causes of death were carefully 
investigated In addition to the previously mentioned infants showing, 
at autopsy, anomalies and seious hepatitis, 4 revealed only atelectasis 
and pi ematurity, and, of the others, 1 infant presented a subtentorial 
hemoirhage and 1 a subcapsular hemoirhage of the livei 

The duration of life m the 7 infants whose alveolar lining was com- 
pletely mature and capable of respiration was from one houi and 
twenty-five minutes to twenty-seven hours The weights varied between 
910 and 2,915 Gm Four of these infants were premature but viable, 
1 was previable and premature, 1 was full teim, and 1 was postmature 
Three of the infants were born by easy spontaneous deliveries Two 
were born by cesarian section , one section was done in a case of hyper- 
tension and the other in a case of placenta praevia One infant was in 
breech presentation at biith and was delivered with forceps on the 
after-coming head The last case was one of placenta praevia in Avhich 
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the infant was delivered b> version and extraction At autops> 5 infants 
revealed only prematurity and atelectasis, 1, in addition, piesented 
slight hypertrophy of the heait The otlier 2 infants showed pathologic 
changes as follows one, an achondioplastic dwarf, stibdtiial liemor- 
rhage and inacrocephaly , the other, bilateial hydroureter, distention of 
the urinary bladder and congestion of the brain 

Of the 30 stillborn infants, 16 presented immature cuboidal “epithe- 
lium” incompatible with respiratory function, 6 had both cuboidal and 
flat cells, and 8 levealed a matuie flattened lining 

Investigation of the 8 infants who were stillborn and had a mature 
alveolar lining capable of function revealed that 3 weie full term and 
5 were premature but viable Six of these infants were delivered m a 
normal manner One, in a case of placenta piaevia, was deluered by 
cesarian section, and another w^as deluered by postmortem section on a 
mother who died of tuberculous meningitis At autopsy the infant in 
the case of placenta praevia levealed subcapsular hemorrhages of the 
liver and lungs, indicating asphyxia The mother of an infant m whom 
only atelectasis was present died six hours post partum w ith a diagnosis 
of sickle cell anemia One infant died from ceiebral hemorrhage The 
other infants of this group levealed only atelectasis at death 

COMMENT 

The study of the lungs of 50 newboin infants revealed that a com- 
plete cuboidal alveolar lining is incompatible with life This type of 
lining was exclusively present in every infant m the abortive group and 
in 50 per cent of those in the previable prematuie group 

The persistence of life in the previable piemature group — for exam- 
ple, in this investigation, 1 previable infant w^eighmg only 850 Gm 
lived forty-five days — may be accounted for by a partially mature 
alveolar lining In the previable group, although half of the gioup pre- 
sented a completely immature lining, the other half of the group revealed 
a mixture of cuboidal cells and mature flattened cells 

In the viable premature group, howevei, there was persistence of 
some immature, cuboidal alveolar cells, which might account for the death 
of an otherwise normal infant Only half of the infants in the viable 
group revealed a completely mature alveolai lining, the others showed 
a mixed layer of cuboidal and flat cells It was mteiesting that in this 
viable group there was not one infant that presented a complete imma- 
ture, cuboidal lining, m othei words, the potentiality for the function 
of lespiration was always piesent 

In the full term group, in which viability is expected, 4 of the 5 infants 
revealed a fully matured cell lining, 1 infant, however, piesented a 
mixed lining in which cuboidal cells still persisted 
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This investigation also showed that the period of transition from 
ciiboidal to flattened “epithelium” occurred in the greatest percentage 
of the cases between the twenty-fourth and thirty-third week of gesta- 
tional age, or at the time that the previable infant becomes viable Over 
60 per cent of the infants between 24 and 28 weeks and 40 per cent 
between 28 and 33 weeks of intrauterine age presented this mixed type 
of alveolar lining 

Among the hveboin infants it was noted that the longest duiation 
of life in those whose alveoli were composed entirely of immature, 
cuboidal cells was three and one-half hours The duration of life m those 
infants whose lungs were lined by a mixture of cuboidal and flattened 
cells was forty-five days and fifteen days in 2 and up to fourteen hours 
in the others Furthermore, of the 20 infants who were born alive, 12 
gave no evidence of disease, anomaly or injury at autopsy In these 
12 cases of “unexplained death” the duration of life was from a few 
minutes to twenty-one hours Two of the subjects were m the abortive, 
2 in the previable premature and 8 in the viable premature group In 3 
of the 12 cases there was a complete immature cell lining, incompatible 
with life , m 4 a mixture of cuboidal and flattened cells and m 5, a mature 
alveolar lining which was capable of respiratory function Therefore, 
7 of the 12 "unexplained deaths” could be accounted for by either a 
completely immature or partially immature alveolar cell lining, the 
remaining 5 could not be explained 

In comparing the infants who were born alive with those who were 
stillborn, it was found that only 4 of the 20 liveborn infants as compared 
with half of the 30 stillborn ones had a complete immature cuboidal 
lining It was also noted that 35 per cent of the liveborn infants as 
compared with 20 per cent of the stillborn ones presented a mature flat 
alveolar lining In other words, a potential respiratory functioning, 
lining was noted more frequently in the infants who were born alive 
than in those who were stillborn 

SUMMARY 

The entire abortive group and the greatest percentage of the 
previable premature group revealed an immature, cuboidal alveolar lin- 
ing, which IS not compatible with respiration The greatest percentage 
of the full term group revealed a flattened, mature cell lining such as that 
seen in the adult lung 

The transition from cuboidal immature to flattened mature aheolar 
lining cells was noted most frequently between the twenty-fourth and 
thirt} -third week of intrauterine life, or at the tune that the previable 
premature infant becomes viable 
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Cuboid, nomespiiatoi} functioning cells persisted in 50 pei cent 
of the viable premature infants and in 20 pei cent of the full teim infants 
This persistence of immatuie cells in viable infants as a pathologic phase 
of an earlier physiologic piocess is significant in the deaths of otheiwise 
normal infants In a study of 12 unexplained deaths in which no 
pathologic condition could be discerned at postmortem examination, it 
was observed that 7 of the infants had a complete or paitial immature 
alveolar cell lining 

185 North Wabasli A\cnuc 



GOLGI APPARATUS OF THE THYROID GLAND 
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A reticular material called the Golgi apparatus is present m all 
differentiated cells It can be demonstrated under the microscope by 
special fixation of the tissue and by impregnation with silver This 
reticular material is particulai ly well developed in the cells of the nervous 
system and in the secretoiy cells of glands Study of the Golgi appa- 
ratus of the thyroid gland under various biologic conditions has yielded 
some definite information as to the i elation between the size of the 
apparatus and the phjsiologic activity of the cell 

Hirschlerowa obseived hypei trophy of the Golgi apparatus in the 
thyroid cells of amphibian larvae undergoing metamorphosis She later 
found an enlarged Golgi apparatus m the thyroid gland of a patient 
with exophthalmic goiter Fuithei studies by Ludford and Ciamer - 
demonstrated that exposuie to cold brought about hvpertiophy of this 
reticular mateiial m the thyioid glands of rats and mice It seems to be 
generally agreed that enlaigement of the Golgi apparatus m the cells 
of glands is evidence of inci eased secretoiy activity 

Other investigators have attempted to attach some significance to 
the position of the Golgi appaiatus within the cell Its usual position 
is between the nucleus and the secretoiy suiface Cowdiy " suggested 
that in the case of the tlnroid gland a basal position of the appaiatus 
might be an indication ot a secietion of toxic pioducts directl} into 
the blood stream Other %\oikers ‘ could not asciibe an\ sienificance 

•I o 

to the position of the appaiatus and on the whole this line of investi- 
gation proved unfruitful Theie is, howevei, no doubt of the \alue of 
an estimation of the size of the Golgi apparatus of the thyroid gland, 

* Fellow in Surgen the Alaio Foundation 

From the Section on Surgical Pathologj'-, the Alajo Clinic 

1 Hirschlerowa, Z Ztschi 1 Zellforsch u mikr A.nat 6 234, 1927 

2 Cramer, W , and I udford R T J Physiol 61 398 1926 Ludford, R J , 
and Cramer, W Proc Ro\ Soc London s B 104 28 1928 

3 Cowdry, E V Am J Lnat 30 25, 1922 

4 (a) Okkels H A.cta path et microbiol Scandina\ 9 1, 1932 (fc) Gil- 
man, J South African J kf Sc 1 97 193a (c) Hiischlerowa ^ 
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as Okkels and Kiogh and Lindbeig“ sho\\ed in then study of goiters 
In a series of papeis the} called attention to the constancy of the finding 
of an enlarged Golgi apparatus in the cells of th}ioid glands removed 
from patients with toxic goiteis Included were some thyroid glands 
fioni patients with exophthalmic goitei und some fiom patients with 
adenomatous goitei wnth hyperth}ioidism The si/e of the Golgi appa- 
ratus did not seem to he aftected hy the pieo])eratne administration 
of iodine, although the glands usuallv showed regression to a state 
approaching that of the colloid tlnioid in appearance 

The Golgi appaiatus of thyroid gland cells has heen studied in various 
types of goiter and the classification referred to in a pievious article 
hy one of us (Biodeis®) has heen used to dificrentiate abnormal thy- 
roid conditions This classification which e\ol\ed from the clinical and 
pathologic conceptions of the tlnroid gland of Wilson," MacCarh,® H 
S Plummei,'’ Boothh} and Binders® impoitanth dififerentiates ade- 
nomathus goiter from exophthalmic goiter 

MATERIAL \XD AIETIIOD 

The Golgi apparatus was examined in 73 tlnroid glands rcmoied at operation 
DaFano’s technic was used to demonstrate it Portions of glands w ere taken 
from representative areas, part of which were prepared bj the DaFano method 
Fresh sections w'ere stained bi Terri’s^'" neiitial poh chrome mctinlene blue, and 
sections fixed in 4 per cent solution of formaldelnde In hematoxylin and eosin, 
the sections had been cut bj the freezing method Estimations oi the size of the 
Golgi apparatus w'ere made without previous knowledge of the clinical diagnoses 
The diagnosis of cellular h} pertrophj in these cases was made from frozen sections 
by members of the staff of the Section on Surgical Pathology The size of the 
Golgi apparatus was designated either as "cnlaigcd” or "not enlarged,” no attempt 
being made to differentiate various degrees of enlargement In doubtful cases 
the classification w'as “not enlarged ” Table 1 summarizes the pathologic obser- 
vations 

HISTOLOGIC AND CYTOLOGIC OBSERt ATIONS 

Pm enchymal Cellulm Hypci ft ophy of the Thy) oid Gland — The gross 
and microscopic chai actei istics of the thyroid gland wdiich are asso- 
ciated wnth various types of thyroid disease are well knowm We hat^e 

5 Krogh, M , and Lindberg, A L Acta path et microbiol Scandinav 

9 21, 1932 Krogh, M , Lindberg, A L, and Okkels, H ibid 9 37, 1932 

Krogh, M , and Okkels, H Compt rend Soc de biol 112 1694, 1933 Okkels, 

H , and Krogh, M Acta path et microbiol Scandinav 10 118,1933 Okkels, H 
Compt rend Soc de biol 112 1691, 1933, footnote 4a 

6 Broders, A C Texas State J Med 31 608, 1936 

7 Wilson, LB Am J M Sc 136 851, 1908, 147 344, 1914, 165 738, 1923 

8 MacCarty, W C New York State J Med 12 595, 1912 

9 Plummer, H S J A M A 61 650, 1913, Am J M Sc 146 790, 1913 

10 Boothby, W M Endocrinology 5 1, 1921 , J A M A 74 1600, 1920 

11 DaFano, C J Roy Micr Soc, 1920, pt 2, p 157 

11a Terry, B T J Lab &. Clin Med 14 519, 1929 
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based the histologic descriptions which are hiiefly pieseiited m this paper 
on a previous summary ® The pathologic diagnosis of parenchymal 
cellular hypertrophy of the thyroid is regularly made m cases m which 
the gland is lemoved from a patient with exophthalmic goiter The 
usual microscopic picture of parenchymal cellulai hypertrophy of the 
thyroid is one of follicles lined ivith high cuboidal or columnar epithelium 
There is papillary infolding of the epithelium, and colloid is less abundant 
The administration of compound solution of iodine, howevei, alters the 
pathologic picture, and at the time of resection a much less severe process 
than originally was present is seen so far as the hypertrophic changes 
are concerned 

Now that iodine, as advocated by H S Plummer, has come into 
almost universal use in the preoperative period, one sees less frequently 


Table 1 — Mic7osco{nc Obseivations on the Golgi Appaiatus in Seienty-Thiee 

Thyiotd Glands 



Total 

Oases 

Golgi Apparatus 

Histologic Diagnosis 

Enlarged 

Not Enlarged 

Parenchymal cellular hypertrophy of the thyroid 

32 

31 

1 

Single or multiple colloid and fetal adenomas (with or 
■without mtra adenomatous hypertrophy and also 'svith 
■various types of degeneration) in a thyroid with parcn 
chymal hypertrophy 

3 

3 

0 

Single or multiple colloid and fetal adenomas (with 
various types of degeneration) m a colloid thyroid with 
intra adenomatous parenchymal hypertrophy 

8 

7 

1 

Single or multiple colloid and fetal adenomas (with 
various types of degeneration) in a colloid thyroid 

20 

17 

12 

Colloid thyroid 

1 


1 


that marked cellular hypertrophy which was so well known to older 
pathologists As Giordano “ and Rienhoff showed, iodine produces 
cytologic regression of the gland The epithelium becomes flattened, 
colloid accumulates in the follicles, and the gland to a large extent 
assumes the appearance of a colloid goiter There are varying degrees 
of this return of the gland to a more normal state under iodine therapy 
but in some instances after prolonged administration of iodine the micro- 
scopic picture simulates almost completely that of the colloid thyroid 
Although great cellular hypertrophy cannot be seen, there are certain 
characteristics of this gland, such as lymphocytic infiltration of the inter- 
follicular tissue, the presence of germ centers and the general arrange- 
ment of the acini, by which the pathologist may recognize that exoph- 


12 Plummer. H S J A M A 80 955, 1923 

13 Giordano, A S Arch Path 1 881, 1926 

14 Rienhoff, W F, Jr Arch Surg 13 391, 1926 



762 


ARCHll'ES or PATHOLOGY 


thalmic goiter has been piesent In exoplithalmic goitci the gland 
usuall)’’ does not contain adenomas, in less than a fourth of the cases, 
however, fetal adenomas oi adenomatous tissue may be picsenl m a 
thyioid gland exhibiting diffuse parenchymal hypertrophy In some 
cases of adenomatous goitei, also, paienchymal hypertrophy may occur 
with or without intra-adenomatous h}peitioph} This condition is 
pathologically different from other types of adenomatous thyroid disease 
and clinically may be distinguished as exophthalmic goiter, as we shall 
point out later 



Fig 1 — Parenchymal cellular h 3 ^pertroph 3 ' of the thyroid gland (X 1,200) 
hoote hypei trophy of the Golgi apparatus 

For 35 glands the diagnosis of paiencltyinal cellular hypertrophy of 
the thyroid with or without i egenerative hyperplasia w'as made ( table 1 ) 
In 3 glands adenomatous tissue w^as piesent The Golgi apparatus was 
found to be enlarged in 34 of these 35 glands In some it was gieatly 
enlarged, in others, less so Figure 1 show'^s a portion of the tltyroid 
gland removed from a patient wnth exophthalmic goiter Three w^eeks 
before operation this patient’s basal metabolic rate w'as plus 73 per cent 
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Iodine was given in the usual doses during this three u eeks’ preoperative 
period While the patient’s general condition improved with the lower- 
ing of the basal metabolic rate, it will be seen in figure 1 that definite 
cellular hypertrophy is still present and that the Golgi apparatus is 
markedly enlarged The one gland in this senes on which the diagnosis 
of parenchymal cellular hypertrophy of the thyroid gland was made and 
in which no hypertrophy of the Golgi apparatus was seen will be con- 
sidered later 

Adenomatous Thytoid Gland — Adenoma of the thyroid gland may 
be single, but usually it is multiple Invariably, various types of degen- 
eration may be seen in the adenoma Some adenomas are encapsulated 
and anatomically demarcated from the surrounding colloid thyroid 
tissue in which they are situated They contain fetal as well as colloid 
follicles In cases m which adenomatous thyroid tissue produces 
clinical hyperthyroidism, hypertrophy of the cells lining the follicles in 
the adenomas is observed m a third of the cases In such an event the 
process is spoken of as “intra-adenomatous hypertrophy,” and columns 
of high cuboid cells are seen m the follicles, with infolding papillary 
projections of the epithelium, which are similar in appearance to the 
generalized process in parenchymal cellular hypertrophy of the thyroid 
gland The colloid thyroid tissue surrounding the adenoma in this con- 
dition does not have hypertrophic epithelial changes In approximately 
two thii ds of the cases in which the diagnosis of adenomatous goitei with 
hyperthyroidism is made intra-adenomatous cellular hypertrophy is not 
present In cases of adenomatous goitei, then, the presence or absence 
of clinical hyperthyroidism cannot always be correlated with the patho- 
logic obseivations To state the matter in other words Many adenoma- 
tous thyroid glands producing clinical hypeith} roidism will not show 
evidence of cellular hypertrophy in the adenoma 

We have mentioned that diffuse parenchymal cellular hypertrophy 
involving extrinsic th3noid tissue may occur m a nodular goiter with or 
without intra-adenomatous hypei trophy Such a condition is clinically 
and pathologically different from adenomatous thyroid with h)’’per- 
thyroidism and essentially similar to the parenchymal cellular hyper- 
trophy of the thyroid which does not contain adenomas 

Forty thyroid glands containing adenomatous tissue or adenomas 
were studied In 3 of these diffuse hypertrophic changes were present 
in the extra-adenomatous tissue, and they have already been considered 
m the parenchymal cellular hypertrophy group Eight of the 37 
adenomatous thyroid glands under consideration show^ed intra-adenom- 
atous hypertrophy (table 1) In 7 of these 8 glands the Golgi 
apparatus was found to be enlarged The remaining 29 glands show'ed 
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no intra-adenomatous hypertioph}, alUiougli the Golgi appaiatus was 
enlarged m 17 

It at once became evident that a large niimbei of adenomatous tliyroid 
glands with enlargement of the Golgi apparatus do not exhibit cellular 
hypertrophy As we will show, many of these glands weie producing 
hyperthyroidism when they were removed No enlargement of the Golgi 
apparatus in the colloid thyroid tissue extrinsic to the adenoma was 
found in the glands studied fiom this standpoint The numher of glands 



Fig 2 — (a) Adenoma of the thyroid gland of a patient with hyperthyroidism, 
showing hypertrophy of the Golgi apparatus (Xl,200) (d) Thyroid tissue 

extrinsic to the adenoma shown m a, the Golgi apparatus is not hypertrophied here 


studied in respect to this point of the size of the Golgi apparatus m 
the extra-adenomatous tissue we do not feel is sufficient to make the 
observations conclusive This most interesting aspect of the study 
requires further work Figure 2 a shows the Golgi apparatus in an 
adenoma of a thyroid gland removed from a patient with hyperthyroid- 
ism The apparatus is dense and large and comparable to that seen m 
the gland with diffuse parenchymal hypertrophy In certain instances 
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the enlarged Golgi apparatus in the adenoma appears to have a shape 
different from that seen in the thyroid presenting parench} mal cellular 
hypertrophy This observation is now being subjected to further study 
In figure 2 b the Golgi apparatus m the extra-adenomatous tissue of 
the same gland is seen to be small and difficult to define with certainty 

Colloid Thy? Old Gland — Only 1 specimen of colloid goiter was 
obtained, this condition being rarely encountered today® Microscopic 
examination of a colloid goiter reveals a series of follicles lined with 
flattened or low cuboidal epithelium and containing abundant colloid 
Okkels found the Golgi apparatus in this type of gland to consist of 
a fine strand, situated usually on the bolder of the nucleus which is 
toward the lumen It was impossible to prepare suitable photomicro- 
graphs from our single specimen In the very inactive cell of the colloid 
goiter, small strands of silver are seen with great difficulty In many 
cells the Golgi apparatus unquestionably could not be seen , in fact, from 
our studies it seems that the apparatus may be observed easily and 
distinctly only when it is hypertrophied 

CORRELATION OF THE CLINICAL, HISTOLOGIC AND 
CYTOLOGIC OBSERVATIONS 

While oul series of cases is small, certain findings seem significant 

Patenchymal Cellular HypeiUopliy of the Thyioid Gland — The 35 
thyroid glands on which the pathologic diagnosis of parenchymal cellular 
hypertrophy ivas made were removed from patients who had exoph- 
thalmic goiter clinically (table 2) As we have stated, the administiation 
of compound solution of iodine preceded operation in each case Usually, 
iodine was given for a period of from seven to fouiteen days before 
operation , in some cases, however, treatment was prolonged over several 
months In many of the cases in which the gland was removed at 
operation the pathologic diagnosis of parenchymal cellular hypertroph)'^ 
was qualified by the statement that little cellular hypei trophy was left 
As we have indicated, the diagnosis of hypertrophy of the thyroid gland 
associated with the disease exophthalmic goiter does not entirely depend 
on the degree of cellular hypertrophy but may be made fiom the general 
morphologic appeal ance of the gland even though marked regressive 
changes have occurred under iodine medication All these glands except 
one had enlargement of the Golgi apparatus in the cells lining the follicles 
This gland was removed from a patient who had been receiving iodine 
for five months before operation On micioscopic examination there 
was little evidence of cellulai hyperti ophy left 

From our study of this gioup of thyroid glands wuth paienchymal 
cellular hypertrophy it appears that cellulai regression is accompanied 
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by a decrease in the size of the Golgi appaiatus In many of the follicles 
of the glands removed from patients with exophthalmic goiter who had 
been tieated with iodine the cells showed maiked regiession and aie 
flattened In these cells no enlaiged Golgi apparatus can be seen Tins 
seems logical and explains oui findings m the single case of exophthalmic 
goitei in which no enlaiged Golgi appaiatus \\as found m the cells of 
the gland removed at opeiation In the majoiit}' of cases, ho\\c\cr, aieas 
aie found with cells showing enlaigcment of the Golgi appaiatus \Ve 
cannot agiee with Okkels’ statement that the si/e of the Golgi apparatus 
IS not altered by iodine medication even though cellular regression is 
maiked We do note, hovevei, that the enlargement of the apparatus 
m a thyioid gland of the hypeiti opine parenchymal tjpe is a more promi- 
nent featuie than the cellulai hjpeitiophy in the glands from certain 
patients vho have obtained marked benefit fiom iodine therap} It must 


T \BLE 2 — Clinical Diagnoses and Mici oscol>ic Ob^cnalions in Sctcnty-Tliicc 

Cases of Thyroid Disease 
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be lemembeied, howevei, that administeimg iodine seldom is sufficient 
to restoie noimal metabolic conditions, and cellular hypei function is 
piesent m piactically all of the glands lemoved at opeiation 

Adenomatous Thyioid Glands — T\\enty-one of the 37 adenomatous 
thyioid glands in this study weie removed from patients vith hyper- 
thyioidism as deteimmed by the usual methods (table 2) Of these 21 
glands, onty 7 showed mtia-adenomatous cellulai h 3 ''pertrophy On the 
other hand, the Golgi apparatus was found to be enlaiged m 19, and 
m all these the enlaigement ^^as definite These obseivations suggest 
that the size of the Golgi apparatus is a moie delicate method of esti- 
mating cellular function than the usual histologic method In 2 cases 
no enlargement of the Golgi appaiatus was seen in the sections obtained 
for study 

Sixteen of the adenomatous thyioid glands veie obtained at opeia- 
tion m cases m which the clinical diagnosis of adenomatous goiter without 
hyperthyroidism had been made (table 2) Figure 3 shows a poition 
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of an adenoma removed from a patient without clinical hyperthyroidism 
The Golgi apparatus is enlarged and gives evidence of increased cellulai 
function m this adenoma The finding of enlargement of the Golgi 
apparatus in 5 of 16 of these cases of adenomatous goitei without hypei- 
thyioidism (table 2) is of especial inteiest, and although the group is 
small. It suggests that hypei function of certain portions of the adenom- 
atous thyroid may occur without producing a sufficient degree of 
hyperthyioidism to permit its recognition with certainty 



Fig 3 — Adenoma of the thyroid gland of a patient without clinical hyper- 
thyroidism, showing hypertrophy of the Golgi apparatus (X 1,200) 

COMMENT 

From the foregoing study of 73 cases of goiter, it seems tiue that 
the Golgi appaiatus of the thyroid cells are of different sizes undei 
varying conditions of activity and in various types of thyroid disease 
In the cells of the normal gland and in the cells of the colloid thyioid 
Okkels found the Golgi apparatus to be a small filament Our observa- 
tion m flattened cells which histologically appear only normally function- 
ing 01 less so IS that the Golgi apparatus cannot be clearly seen The 
contrast between such cells, however, and those of definitely hyper- 
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functioning tissue, even undei low powei magnification, is so sti iking 
that one can immediately difteientiate the tw'O \\nien the Golgi apparatus 
IS enlarged, it is easily seen (figs 4 a and h, S a and h and 6), and the 
enlarged Golgi appaiatus m hypei functioning tissue has a striking 
appearance 

We have found the Golgi appaiatus enlaiged m practicall} all the 
glands showing paiench 3 mal hjpeitroph}^ removed fiom patients wuth 
exophthalmic goitei (34 of 35) Okkels stated that he m^arlahly found 



Fig 4 — (a) Colloid thyroid tissue wutli no hj^pei trophy of the Golgi apparatus 
(X 485) (b) Colloid thyroid tissue extiinsic to a hyperfunctioning adenoma, with 

no hypertrophy of the Golgi apparatus (X 485) 


enlargement of the appaiatus of the th 3 aoid cell m the piesence of 
exophthalmic goiter, even after almost complete return of the gland 
to a state cytologically lesembling colloid thyioid m the patient who 
had received iodine for some time As a lesult, he was of the opinion 
that there is constant cellulai h 3 ^perf unction and that iodine does not 
affect cellulai function but lathei effects an accumulation of colloid in 
the follicle by some other mechanism This was also the obsei vation of 
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Gilman/'^ -who i ecomniended abandoning the use of iodine on the basis 
of these cytologic observations 

It IS indeed hard to subscribe to these conclusions in the light of 
certain considerations Obviously, in the majority of patients who have 
been operated on but who are still suffering from hyperthyroidism the 
basal metabolic rate is elevated The cells are therefore still hyper- 
functioning 
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Fig 5 — (a) Adenoma of a thyroid without cellular hypertrophy removed from 
a patient without hyperthyroidism, the Golgi apparatus is not hypertrophied 
(X 485) (b) Parenchymal cellular hj'pertrophy of the thyroid, the Golgi appa- 

ratus IS hypertrophied (X 485) 


The Golgi apparatus is enlaiged and appears as a dense black mass 
m the cells of the adenomatous tissue which is hyperfunctioning and 
producing clinical hyperthyroidism In 19 of 21 glands evidence of 
hyperfunction m the adenoma was obtained by the finding of a hyper- 
trophied Golgi apparatus Sufficient cellular hypertrophy to be considered 
evidence of hyperfunction could be found m only 7 of these glands 
While the number of cases studied does not allow us to say what the 
exact coi relation is between a recognizable degree of hyperthyroidism 
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and enlargement of the Golgi apparatus in adenoma of the thyroid, the 
coiiespondence seems faiily high, and enlaigement of the appaiatus is 
moie definite evidence of hypei th} i oidism than can he obtained fiom an 
estimation of cell size hy the usual histologic methods loutmel} employed 
in the pathologic laboratoiy 

The finding of enlaigement of the Golgi apparatus m the adenomatous 
tissue of th}ioid glands not producing hypei tin roidism is of special 
mteiest We occasional!} find CMdence of cellulai hypertrophy m adeno- 



Fig 6 — Adenoma of a th 3 'ioid renio\cd from a patient with hvperthjnoidism , 
the Golgi appaiatus is hypertrophied (x485) 

mas removed at opeiation fiom patients without clinical hypei thyioidism 
In the case of nodular goiter the clinical diagnosis of hyperthyroidism is 
sometimes difficult to make, and it may in the final analysis depend on 
whether the basal metabolic rate is elevated above some aibitiary figuie, 
such as plus 15 per cent Boothby expiessed the opinion that theie 
are, however, a consideiable numbei of patients whose symptoms can- 

15 Boothbv, W M Unpublished data 
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not be definitely classified either as typical or as severe enough to 
warrant the diagnosis of hyperthyroidism The basal metabolic rate 
may be from five to fifteen points above the patient’s own mean, which, 
of course, may be definitely below the standaid mean, which is the 
aveiage of many persons These persons may be sufitenng fioni mild 
degrees of hyperthyroidism, which may be extremely difficult to recog- 
nize with certainty Hertzler expressed the opinion, based on clinical 
observation, that a large number of goiters are toxic without giving evi- 
dence of it from the basal metabolic rate It has been the obseivation 
of Haines and W A Plummei for a long time that many patients with 
adenomatous goiter without hypeithyioidism feel immeasurably improved 
after thy i oidectomy 

There is, then, consideiable indication clinically that mild hyper- 
thyroidism is present in a laige group of peisons with adenomatous 
goiter in spite of the fact that the condition frequently cannot be classi- 
fied as hyperthyroidism Boothby recoided some evidence of this mild 
activity of adenomatous thyroid tissue From the standpoint of the 
pathologic anatomy of the adenomatous thyioid gland, it is a leasonable 
conception that the nondegenerative poitions of the adenoma are func- 
tioning beyond the capacity of noimal cells or of the cells m thyioid 
tissue extrinsic to the adenoma Boothby suggested a reasonable explana- 
tion for the physiologic activity of the adenomatous gland which will 
allow a piesumption of increased production of thyroxin by the adenoma 
in the patient with adenomatous goiter without resulting in hypeithy- 
roidism He has postulated that in the event of increased production 
of thyroxin by the adenoma a mechanism which legulates the noimal 
total pioduction of thyioxm per day (0 4 mg ) decreases the activity of 
the extrinsic or noimal tissue in the gland This process of compensa- 
toiy functional letardation of the extiinsic glandular tissue may be 
exhausted by an ever inci easing size of the abnoimally functioning adeno- 
mas In such an event clinical hyperthyroidism may result With this 
concept of the diseased adenomatous goiter in mind, it becomes cleai 
that the development of hyperthyi oidism may be slow A concomitant 
degeneiation of certain portions of the adenoma is another factoi in delay- 
ing the onset of increased production of thyroxin These postulates with 
legard to adenomatous goiter piesent a picture of a process progressive 
towaid the hyperthyroid state 

SUMMARY 

A study of the Golgi apparatus of the thyioid gland has been made 
in 73 thyioid glands from patients who came to operation for goiter 
Hypertrophy of the Golgi apparatus was found in 34 of 35 glands 

16 Hertzler, A E Surgical Pathology of the Thyroid Gland, Philadelphia. 
J B Lippincott Company, 1936 

17 Haines, S F , and Plummer, W A Personal communication to the authors 
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removed fiom patients with exophtlialmic goiter and m 19 of 21 glands 
removed fiom patients with adenomatous goiter vith hyperthyroidism 
Hypertrophy of the apparatus was also found m 5 of the 16 adenomatous 
goiteis removed from patients A^ho weie not judged to have hyperthy- 
roidism Appraising the size of the Golgi apparatus m the thyroid gland 
vould theiefoie seem to offei a moie delicate method of estimating 
cellular and glandulai function than ordinar}’' methods 

This study has purposely not been made on selected pathologic groups 
Ceitam general infoimation has been obtained vhich opens a\enues 
for considerable study of the various types of goiter individual!)'', using 
this method of demonstrating the Golgi apparatus Unfortunatel) , the 
method of preparing and staining sections to demonstrate the Golgi 
apparatus is too time-consuming to be used in the routine pathologic 
diagnosis of suigical material 



CHEMOTACTIC PROPERTIES OF TUBERCULO- 
PHOSPHATIDE AND TUBERCULO- 
POLYSACCHARIDE 

WILLIAM B WARTMAN, M D 

AND 

EDGAR S INGRAHAM Jr, MD 

CLEVELAND 

It IS well established that m vitro the tubercle bacillus exeits a 
positive chemotropic action on both human and animal polymorpho- 
nuclear neutiophils and that in expeiimental infections of animals there 
IS eaily exudation of these cells into the infected legions In a previous 
paper it was lepoited that tuberculopi otem when adsorbed on kaolin 
or charcoal sti ongly atti acts human polymoi phonuclear leukocytes ^ 
The piesent study is concerned with the phosphatide and polysacchai ide 
fractions of the tubercle liacillus 


methods 

Tuberculophosphatide was obtained from the H-37 strain of human tubercle 
bacilli 2 The polysaccharide ^ was prepared from strain A-10 and has properties 
similar to those of the crude polysaccharide described by Heidelberger and Menzel ^ 
Both preparations belong in the group of water-alcohol-ether extracts of living 
tubercle bacilli which has been designated residue I ® 

Both rabbit and human leukocytes were studied Rabbit polj morphonuclear 
leukocytes were secured by injecting sterile physiologic solution of sodium chloiide 
into the peritoneal cavity and were suspended in homologous plasma Human 
polymorphonuclear leukocytes were obtained from finger blood of presumably 
healthy adults 

The method employed to study the chemotropism of the leukocytes has been 
described in detail elsewhere ^ A small amount of the substance to be tested was 
placed on a clean glass slide A drop of plasma-leukocyte suspension or finger 
blood was placed on a cover slip and spread over the test substance, which thus 

From the Institute of Pathology, Western Reserve University and University 
Hospitals 

1 Wartman, W B Arch Path 26 694, 1938 

2 Crowder, J A , Stodola, F H , Pangborn, AI C , and Anderson, R J J 
Am Chem Soc 58 636, 1936 

3 Anderson, R J , Reeves, R E , and Stodola, F H J Biol Chem 121 649 

1937 

4 Heidelberger, M , and Menzel, A E O J Biol Chem 118 79, 1937 

5 Sabin, F R , and Joyner, A L J Exper Aled 68 853, 1938 
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formed a small target on the slide Because the phosphatide and pol} saccharide arc 
soluble in blood plasma it was nccessar> to use as a target some chcmotacticalh 
inert substance saturated with the test solution The substances cmplo}ed were 
kaolin and titanium dioxide Control experiments were made on the same slide, 
with pure washed kaolin or titanium dioxide being used as targets 

The fraction to be tested nas dissolved in fresh triplc-distilled uater and allowed 
to come into contact w'lth kaolin or titanium dioxide, winch was then used as the 
target Each sample of kaolin or titanium was tested to determine whether or not 
phosphatide or polysaccharide w’as actiialh jircsent, and onlv those preparations 
w'ere used which contained the desired fraction The nioeements of Icukocjtes 
near the target w'cre observed under the microscope m a warm chamber at 37 C , and 
the course of each cell W'as recorded with the aid of a drawing ocular at one 
minute intervals for a period of ten ininutcs The index of chcmotropism was 
defined as the ratio between the net approacii of a cell cither toward or awa\ from 
the target to the actual distance tra\cltd b\ the cell In each group of experiments 
the results w'ere expressed as the mean chcmotactic index of all the cells obser\cd 


Table 1 — CJicmotacftc Piopcitics of Pfiospftaltdc from the Tubercle Bacillus 



1 \periincnt 

. ■ . 

Control 

Substance 'Xc‘-tocl 

Celle 

Mean Clieino 
tactic IndcN 
with Standard 

1 rror 

Cells 

Mean Cliemo 
tactic Index 
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I'rror 

Pure phosplinticlo 

20 hiiinnn 
leuLocj tes 

— 0 09 ± 0 (“C 

39 human 
leulvocj tes 

—0 03 d: 0 07 

Pure pliosplintidc 

IS rabbit 
leuLocj tee 

-^Ol'iOOl 

122 rabbit 
Icukocjtes 

— 0 C3 ± 0 01 

Pho'phatidc on titanium dioxide 

in rabbit 
letiLoc\ ics 

+0 J3 ± 0 03 

137 rabbit 
Icukocjtes 

-r0 02d:OCC 

Phosph itidc on Kiioliii 

no rabbit 
louKoi \ tes 

0 00 ± 0 01 

SS rabbit 
kukocj tee 

— 0 OS ± 0 04 


RESULTS 

Thiee difteient expeiiments were carued out with the phosphatide 
In the fiist the nndissolved powdeied phospliatide tvas used as the 
target In the second and third expeiiments titanium dioxide and 
kaolin moistened wnth dilute solutions of phosphatide were employed 
as targets 

When powdered tubeiculophosphatide was used as the test mateiial, 
most of the leukocytes in the vicinit}'^ of the taiget show^ed a decrease 
in motility and soon became immobile (table 1) Shoitly many of the 
cells died The cells which show^ed motion moved slowdy, and the chemo- 
tactic index was not significantly diflFeient fioin the value obtained foi 
leukoc}i:es obseived m fields remote fiom the taiget 

When tubeiculophosphatide and titanium dioxide w^eie used, the 
leukocytes were weakly atti acted to the taiget The chemotactic index 
was +0 43 ±003 Conti ol expeiiments with titanium dioxide gave a 
chemotactic index of appi oxiinately zero Similar expeiiments in wfiiich 
kaolin was used as an opaque substance gave a chemotactic index of 
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0 00 ± 0 01, indicating landom motion The kaolin contiol expeiiinents 
likewise showed landom motion 

The lesults of the experiments with the tubei culopol} saccharide in 
which kaolin was used as an ineit substance indicate that this fraction 
weakly repelled the leukocytes (table 2) Again, the kaolin control 
showed landom motion 

COMMENT 

These experiments indicate that concentrated, undiluted tuberculo- 
phosphatide is toxic for both human and labbit leukocytes, since it 
reduces the motility of the cells and finally kills them When, however, 
the phosphatide is diluted, weak atti action is observed The poly- 
saccharide, on the other hand, elicits weak negative chemotaxis 

It thus seems probable that in vitro the protein fraction of the 
tubercle bacillus is chiefly responsible for attraction of polymoipho- 


Table 2 — Chemotachc Piopeittes of Polysacchaiide fiom the Tubercle Bacillus 



Fvpenment 

Control 



Mean Ohemo 
tactic Inde\ 
Tilth Standard 


Mean Cheroo 
tactic Index 
■with Standard 

Substance Tested 

Cells 

Error 

Cells 

Error 

Poiysacchiride on kaolin 

132 human 
leukocytes 

— 0 34 ± 0 05 

120 human 
leukocytes 

+0 05 ± 0 04 

Polysaccharide on kaolin 

71 rabbit 
leukocytes 

-0 34 ± 0 06 

37 rabbit 
leukocytes 

+0 02 ±010 


nuclear neutrophils ^ As far as could be determined this fraction is not 
harmful to the cells The polysaccharide, on the other hand, does not 
strongly attract neutrophils and may even weakl}'^ repel them The 
action of the phosphatide, however, is complicated by its markedly 
injurious effect Probably polymorphonuclear leukocytes migrate toward 
the phosphatide but are killed before reaching it 

Dixon, McCutcheon and Czarnetsky obtained similar results with 
fractions prepared from a strain of hemolytic streptococci They showed 
that the fraction which produces antibodies m experimental animals 
(protein-carbohydrate complex) also causes positive chemotiopism of 
rabbit leukocytes, while a carbohydrate fraction and a “protein-free, 
nonantigenic, crystalline stabile hemolysin” elicit no chemotropism 
Under different experimental conditions Sabin " i eported that all the 
fractions of the tubercle bacillus cause an outpouiing of leukocytes 
when they are injected into guinea pigs (subcutaneous, intracutaneous 


6 Divon, H ]\r , itcCutchcon, M, and Czarnetsky, E J Am J Path 13 645 
1937 

7 Sabin, F R Physiol Rev 12 141, 1932 
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and mtiapeiitoneal injections) Sabin noted that the medium in \\liich 
tlie fractions weie suspended also caused emigiation of leukocytes into 
the peiitoneal cavity, hut to a lessei degice This disci epancj m lesults 
IS at piesent unexplained hut may he due to the difteience in expeii- 
mental conditions 

SUMAIAR\ 

The chemotactic piopeities of a phosphatide and a poh sacchai ide 
fiaction of the tuheicle bacillus ha\c been studied in vitio Undei the 
conditions of the expeiiments it was found that the tuheiculophosphatide 
in concentiated foiin is toxic foi both human and lahhit neutiophils, 
but in suitable dilution it causes w^eak atti action of these cells The 
tubeiculopol> sacchai ide causes w'eak negatne cheinotiopism of the 
leukocytes 



HISTOLOGIC CHANGES IN THE RENAL ARTERI- 
OLES OF HYPERTENSIVE RABBITS 


F W DUNIHUE, Ph D 

AND 

B H CANDON, BS 

BURLINGTON, VT 

In a lecent leview Goldblatt ^ stated that in renal h} pertension, “if 
there is no accompanying renal insufficiency, the kidneys show no sig- 
nificant gross 01 microscopic changes detectable by usual methods ” 
He added that the changes m the afibiillar cells of the pi eglomerular 
arterioles reported by Gooimaghtigh and Crimson - are interesting as 
the only changes occurring in hypertension, but stated that their sig- 
nificance awaits elucidation Gooimaghtigh® more recently reported 
that the juxtaglomerulai apparatus of normal rabbits contains chiefly 
afibiillar cells which exhibit a normal glandular cycle of vacuolation 
and acidic and basic granulation Moieovei, he repoited that in 3 rab- 
bits rendered hypei tensive by the Drury technic theie was an increase 
in number and size of these granulai cells, an inciease of afibrillar cells 
and formation of granulai cells in the preglomerular arteiioles Goor- 
maghtigh suggested that the afibrillar cells are responsible for arteriolar 
tone and that the granular cells are the source of the pressor substance 
m hypertension In this leport we wish to offer con oboration and 
extension of Goormaghtigh’s findings 

MATERIAL AND METHODS 

This report is based on a stud}^ of kidne>s from 39 rabbits, on which blood 
pressures were determined by the abdominal cuff method of AIcGregor^ Of this 
group, 14 rabbits were “normal” or untreated, 12 received injections of aspartic 
acid, either intramuscularly or intravenously, 7 had one renal artery partially 
ligated by the Drury ^ technic, and 6 had one or both renal arteries partially ligated 
by a modification of Goldblatt’s i method Eight of the “normal” or control rabbits 

This work was supported in part by a grant from the Committee on Scientific 
Research of the American Medical Association 

From the Laboratory of Histology and Embrjology, Department of Anatomy, 
University of Vermont College of Medicine and Saint Michael’s College 
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42 227, 1939 

3 Goormaghtigh, N Proc Soc Exper Biol & Med 43 688, 1939 

4 McGregor, L Arch Path 5 630, 1928 

5 Drurj, OR J Exper Med 68 695, 1938 


777 



778 


ARCHIVES OF PATHOLOGY 


had blood pressures ranging from 80 to 120 nun , and 6 exhibited mild spontaneous 
elevations of between 20 and 30 mm above a maximum normal pressure of 120 
mm In the group which received injections of aspartic acid, 7 rabbits liad normal 
pressures and S showed elevations of from 20 to 30 mm The remaining rabbits, 
on which partial ligation of the renal arterj was done b^ cither the Drur\ or 
the Goldblatt procedure, exhibited cle\ated pressures, ranging from 150 to 240 mm 
The kidneis were rcmo\cd immediately after the rabbits were killed and 
fixed m Zenker’s solution prepared with formaldehj dc, sectioned 4 to 5 microns 
in thickness and stained accoidmg to Goldncr's ” modification of Alasson’s tri- 
chrome stain 

RESULTS 

111 the 15 rabbits which had noiinal blood piessuies thioughout the 
period of observation (8 noimal and 7 tieated) the juxtaglomeiular 
appaiatus consisted of a few afibrillai oi paucifibnllai cells and vaiiing 
numbers of spaisely granulai cells (A, fig 1) 7die granulations m the 
lattei cells gave a hasophihc reaction in some and an acidophilic reac- 
tion 111 otheis The acidophilic granulai cells (“A”) w'ere usually 
although not invanabl}, picsent in gieatei nunibeis than the basophilic 
gianulai cells (“B”) Fiom one to tliice densely granulai “A” cells 
weie seen in the juxtagloineiulai appaiatus of some glomeitih and none 
111 otheis The “B” cells w'eie mvaiiably spaisely granular Most of 
the so-called alibi illar cells of Gooi maghtigh weie found to contain faint 
basophilic stippling, how'cvei, these cells appeared much lighter than 
the typical “B” cells Situated neai the nucleus of each granulai cell 
w^as a deal vacuole-hke aiea containing one oi moie spheiical oi iiiegu- 
laily shaped, daikly staining stiuctuies (aI, fig 1) This complex w'hich 
wull hencetoith he refeired to as the vacuolar complex, resembled a 
similai stiuctuie found in the basophilic cell of the pituitar} gland In 
the “B” cells and sparsel} granular “A” cells this complex was small 
and often indefinite, howevei, m the densely gianulai “A” cells it was 
laiger and quite distinct The afibiillar and paucifibnllai cells w^ie 
devoid of this complex In these noimal kidne}s, as well as in those of 
the expel imental rabbits to be desciibed subsequently, the gianulai and 
afibrillai cells wei e located almost exclusively in the outei coi tex 

A striking change was seen in the juxtaglomerulai apparatus and 
lenal arterioles of labbits with blood pressuies of 170 mm oi over (Mg, 
Ml,, Hj, Ho, H^, 163, 150) In these animals, paiticulaily Mg, Mi, 
and Ho, there was a marked inciease in size and numbei of “A” cells 
in the juxtagloineiulai appaiatus (B and C, fig 1), apparently at the 
expense of the afibiillar and “B” cells, for the lattei weie i educed in 
number as compared with the normal The density of gianulation in 
many of the “A” cells was greatl}'^ augmented, giving them a biilhant 
led granulai appearance, wdiich made them readily visible undei mag- 
nifications of 100 diameters Some of the “A” and “B’’ cells in these 

6 Goldner, J Am J Path 14 237, 1938 




Figure 1 

Photomicrographs, X 1,635 The glomerulus in all photographs of the juxta- 
glomerular apparatus lies in the field above that shown 

A, juxtaglomerular apparatus of control rabbit 7 (blood pressure, 110 mm ) 
On the right are acidophilic granular cells, most of which are densely granular 
A vacuolar complex is indicated by the arrow On the left are several sparsely 
granular “B” cells In the lower cell of this group some of the granules are 
acidophilic 

B, juxtaglomerular apparatus of experimental rabbit M15 (partial ligation of 
both renal arteries, Goldblatt t>pe, blood pressure, 240 mm) All cells of this 
juxtaglomerular apparatus are of the acidophilic granular tjpe The three or four 
cells at the upper left are sparsely granular Note the vacuolation of the large 
granular subendothelial cell on the left 

C, juxtaglomerular apparatus of experimental rabbit M8 (partial ligation of 
one renal arterj, Goldblatt tvpe, blood pressure, 175 mm) The large clear 
binucleate cell with faint granulations at the lower left is a “B” type, but a few' ot 
the granules stain acidophilic The granular cell to the left and above this one is 
also binucleate, but the nuclei do not show in this plane Except for the light cells 
in the lower center, all other cells are of the “A” tjpe 

D cross section through an arteriole of rabbit Ml 5 (see note on B for protocol) 
Note the large granular subendothelial “A.” cell 
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Figvire 2 

Photomicrographs , X 1,635 

Ej longitudinal section through a branching arteriole of rabbit M 15 (see note 
on B for protocol) All the granular cells present are acidophilic in type Note 
the gradation m density of granulation 

F, section through an arteriole of experimental rabbit H3 (partial ligation ol 
one renal artery, Drurj^ type , blood pressure, from 200 to 163 mm ) Note the 
large vesicular nucleus of the medial cell at the left of center and the variability 
in size and staining reaction of other medial cells Tjpical-stainmg smooth muscle 
cells are seen at the extreme lower left 

G, section through a branching arteriole of rabbit M15 (see note on B for 
protocol) Note the large number of denselj granular “A” cells 

H, acidophilic granular cells from glomerular arteriole of rabbit M15 (see note 
on B for protocol) The arrow indicates an enlarged vacuolar complex 

I, section through arteriole of rabbit H2 (Drury type, blood pressure, 186) 
Note the mitotic figure m the afibrillar cell 
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animals weie biniicleate (C, fig 1) The vacuolar complex in the A 
cells was enlaiged and prominent {H, fig 2), and vacuolation of the 
cytoplasm was moie extensive {B, fig 1) The “B” cells were not 
enlarged and diffeied from the normal only in some instances in which 
there was an apparent development of acidophiha in the gianules, with 
occasional distinctly acidophilic granules The preglomei ular arterioles 
were markedly altered by the presence of densely granular and develop- 
mental stages of the “A” cells in the media, especially at the points of 
branching (G, fig 2 and D, \) In this location a complete transi- 
tional series fiom cleai afibiillai to mature “A” cells was present {E, 
fig 2) Granulai cells were never piesent in the arteiioles of rabbits 
with noimal piessuies Scattered singly in the media were also cells 
with faint basophilic stippling Furthermoie, the numhei of typical 



Figure 3 

Photomicrographs, X 1,635 

/, longitudinal section through an arteriole of rabbit M8 (see note on C for 
protocol) The arteriole on the left is cut tangentially, and the lumen lies beneath 
the cells Note the densely granular cells at the lower left, one contains a large 
vacuole The arrow indicates a clear cell containing many fuchsinophilic bodies 
On the right is the left wall of an adjacent arteriole Most of these cells are 
granular or vacuolated 

K, juxtaglomerular apparatus of rabbit 163 (partial ligation of renal artery 
Goldblatt type , blood pressure, 156 mm ) Note the muddy cytoplasm and the 
absence of distinct granulation in the juxtaglomerular cells 


staining smooth muscle cells was reduced, these apparently being 
replaced by afibrillar cells or cells of the granular senes (/, fig 3) In 
animal Mg, and to a lesser extent in the others, some of the clear cells 
contained spherical fuchsinophilic bodies, which are interpreted as indi- 
cating secretory exhaustion of granular cells of the “A” type (/, fig 3) 
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Mitosis of afibrillai cells in the media Mas encounteied only in animal 
Hi (/, fig 2), Mdnch, although high blood piessuie developed in it, did 
not have even the noimal numbei of gianular cells in the juxtaglo- 
mei ulai appai atus Hou'evei , the mimbei of afibrillar and paucifibrillar 
cells was gieatly inci eased in this animal In animals Ho, 150 and 163, 
in udiich blood piessuies u'cie elevated for peiiods langing from four 
to twelve months, theie Aveie widespread tubular necrosis and fibiosis 
of gloineiuh The juxtaglomeiulai apparatus of the aftected glomeruli 
in these animals w'as i educed in si/e and contained only clarkl} staining 
cells which w^ere neither t} pical grantilai cells noi t} pical smooth muscle 
cells (K, fig 3) “A” cells weie present in the pieglomerular arteiioles 

and M^ere inci eased m numbei in the juxtaglomeiulai appaiatus of the 
few lelatively normal glomeiuh In labbit H, the juxtaglomerular 
appaiatus contained mci eased numbers of “A” cells, and these cells 
were also piesent in the glomeiulai aiteiioles, howe\er, the “A” cells 
contained veij few acidophilic gianules The small numbei of dense!} 
oi model ately granulai cells and the laige number of sparsel} granular 
cells, 111 view of the blood piessuie lecoids of this animal, suggest a 
1 eversion of “A” cells to the afibiillai or paucifibiillai tjpe These 
afibiillai cells weie abundant in the media of the aiteiioles (A, fig 2) 
The blood piessuie lecoids of H, levcal an initial piessure of 200 ram 
following icmoval of the noimal kidne\ and a subsequent gradual drop 
over a peiiod of thiee and one half months to 162 mm 

The changes m the juxtaglomeiulai apparatus and prcglomerulai 
aiteiioles weie not so pionounced in animals wuth onh moderate Inpei- 
tension (140 to 160 mm ) followmig partial ligation of the renal aiteiy 
In these animals theie was a model ate increase in number and size of 
“A” cells of the juxtaglomerulai apparatus, but the gianulation of these 
cells was not markedly inci eased The size of the gianules was, how- 
evei, distinctly laigei in many of these cells The numbei of afibiillai 
and “B” cells seemed to be deci eased, and “A” cells w'eie rarely found 
in the aiteiioles Howevei, theie w^as a distinct increase of afibiillai 
cells in the pi eglomei ulai aiteiioles, wdiich is. peihaps, the most notice- 
able change in the kidneys of these animals 

The rabbits which exhibited mild spontaneous elevations of pressuie 
wdiether of the “normal” gioup or of the group receiving injections of 
aspaitic acid, levealed only a veiy slight increase of “A” cells in the 
juxtaglomerular apparatus and a moderately inci eased number of afibiil- 
lai cells in the arteiioles The cause of these mild spontaneous eleva- 
tions is the subject of anothei communication ^ 

COMMENT 

Our obseivations on kidneys of noimal and hypei tensive labbits 
suggest that the gianulai “A” cells in the juxtaglomerular appaiatus 

7 Dumhue, F W Anat Rec (supp ) 73 64, 1939 
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and also in glomeiulai arterioles of hypertensive animals aie secietory 
cells The variation in the density of gianulation of the “A” cells in 
normal animals and the increase m size as well as density of granu- 
lation in hypertensive rabbits support this conclusion Fuither evidence 
IS piovided by the behavior of the vacuolai complex, which is usually 
enlaiged and prominent in the densely gianular “A” cells, especially in 
hypertensive rabbits And finally the presence of a vaiiable nunibei of 
fuchsinophihc bodies in some of the clear cells of the pieglomeiulai 
arterioles of acutely hypertensive labbits is interpreted as indicating 
secietory exhaustion of granular cells That the latter cells are probably 
foimed fiom densely granulai “A” cells is borne out by the finding 
of occasional fuchsinophihc bodies and enlarged acidophilic granules in 
some of the “A” cells Theiefoie we concui with Gooimaghtigh m 
holding these cells to be secretoiy 

If we accept the “A” cells as being secietory, their function as judged 
by location in the juxtaglomeiulai apparatus and pieglomeiulai aiteii- 
oles seems to be concerned with glomeiular blood flow The inciease in 
size, number and secretory activity of the “A” cells in these locations 
in hypertensive rabbits further suggests such a function Of course, it 
cannot be stated with certainty whether the activity of the “A” cells is 
cause 01 effect with respect to the elevated blood pressure Howevei. 
it seems reasonable on the basis of histologic evidence to assume, as does 
Goormaghtigh, that these cells pioduce a pressor piinciple In this con- 
nection it IS suggestive that the renal pressor substance (lenin) is found 
only in extiacts of the kidney cortex® Under normal conditions the 
pioduction of piessor substance, as judged by the appearance of the “A” 
cells, IS probably not great But in hypertensive animals these cells aie 
inci eased in number and activity, forming glandulai tissue, the total 
mass of which must be considerable The products of secietion of such 
a mass of cells might conceivably affect the systemic blood piessuie 

In both the noimal and hypertensive kidney there is consideiable 
evidence to indicate that the afibiillar, the “B” and the “A” cells form 
a developmental senes That there is a relationship between the “A” 
and “B” cells seems unquestionable They both possess a vacuolai com- 
plex, and “B” cells have been observed which contain a few acidophilic 
gianules Although the nature of this relationship is at piesent not 
entnely cleai, it seems that the “B” cells may foim “A” cells The 
afibiillar cells, although they do not possess a vacuolai complex cei- 
tainly give use to “A” cells in the aiterioles of hypertensive labbits 
as evidenced bj the closely graded series fiom afibnllar to densely 
granulai “A” cells The evidence foi the formation of “B” cells fiom 
afibnllai cells is not so clearcut, but this seems likely in view of the 

8 Pickering, G W , and Prinzmetal, M Clin Sc 3 211, 1938 
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giadations m gianulaiit}'^ found in the afibiillai and “B” cells We sug- 
gest that the afibiillar cells are the piobable stem cells of the granulai 
senes This is indicated by the increase of afibiillai cells in the aiteii- 
oles of model ately hypei tensive labbits and the piesence m the same 
location in acutely hjpei tensive animals of mature and de^ eloping 
granulai cells The fact that mitoses weie obseived only m afibrillar 
cells also aigues for this interpi elation In view of this, we do not feel 
that afibiillai cells aie dnectly concerned with maintaining local arteri- 
olar tone as suggested b} Gooimaghtigh 

We have found no evidence to indicate the oiigin of the afibrillar 
cells in the juxtaglomeiular appaiatus, but when i^resent in the aiteii- 
oles these cells seem to have developed in locations oidinaiily occupied 
by smooth muscle cells This and the fact that the smooth muscle cells 
exhibit varying degiees of fibi illation suggest oiigin of afibrillar cells 
fiom smooth muscle It is mteiesting to note in this connection that 
E R Claik and E L Clark® report the formation of smooth muscle 
cells fioni fibi oblasts and the i eversion of muscle cells to fibroblasts in 
then obseivations on capillary growth in transpaient wundow'S in rab- 
bits’ eais 

SUMMARY 

The juxtaglonierulai appaiatus of the normal labbit kidney contains 
afibrillar, basophilic granulai and acidophilic gianulai cells wdiich exhibit 
signs of cyclic secietoiy activity The granulai cells are piesent only in 
the juxtaglomeiular appaiatus of the normal kidney, but the afibiillar 
cells are piesent also, in small numbers, in the glomeiulai arterioles 

In hypertension, produced eithei by the Goldblatt or b}' the Drury 
technic, there is an inciease in size and numbei of the acidophilic gianu- 
lar cells in the juxtaglomerular appaiatus, and all three types ot cells, 
especiall}'- the acidophilic granulai , are pi esent in the glomerulai 
arterioles 

It IS suggested that these thiee types of cells foim a developmental 
series having a probable origin from smooth muscle cells, and that the 
acidophilic granular cells aie the souice of the lenal pressor substance 

9 Clark, E R, and Clark, E L Am J Anat 66 1, 1940 



EFFECTS OF THYROID AND CALCIUM THERAPY ON 
THE GROWTH OF SARCOMA TRANSPLANTS IN 
THYROPARATHYROIDECTOMIZED RATS 
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CHICAGO 

Much literature has accumulated in the last few years with reference 
to the effect of thyroid and parathyroid hormones on the susceptibility 
of animals to growth of cancer and of tumor transplants Murohara ^ 
found that removal of the thyroid gland had a tendency to inhibit the 
growth of a transplantable i abbit sarcoma Paik - found that in para- 
thyroidectomized rats the late of growth of the Flexner-Joblmg rat 
caicinoma was deci eased Matsuoka^ leported the opposite observa- 
tions on a similar tumor 

It IS difficult to evaluate the seemingly confirmatory and contradictory 
results of different authors relative to the influence of vaiious biologic 
substances on the growth of tumors because of the tremendous variability 
in the types of tumors used and m the characteristics of the biologic 
preparations Even though the tissues of two tumors may be histo- 
logically similar, their reaction to chemotherapy may be markedly differ- 
ent Another factor is the hei editary background of the host Many 
authors have failed to state whethei oi not litter mates were used as 
controls in their expeiiments 

The conflict in lesults which have been reported relative to tumor 
giowdh in relation to metabolism makes it highly desirable that more 
detailed studies be made 

From the Departments of Pathology and Physiolog}, Lovola University School 
of Aledicine 

1 Murohara, N Tr Jap Path Soc 20 658, 1930 

2 Paik, T S Am J Cancer 15 2756, 1931 

3 Matsuoka, S Tr Jap Path Soc 20 657, 1930 
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The animals used in this stud> were from our own colony of Wistar Institute 
albino lats, which is maintained on a diet of fo\ chow, « furnished ad libitum, with 
bread and meat twice a week At the age of 21 da\s they were \\eaned, and 
between the ages of 26 and 35 davs their thiioid and parathyroid glands were 
lemoved Thyropaiathyioidectonn' was cained out on the anesthetized animal 
The neck was shaved and iodine applied to the depilated area A midline 
incision was made, exposing the muscles on the anterioi side of the neck, which 
w'ere sepaiated b\ blunt dissection exposing the tlnioid Ihe lower pole of the 
left lobe of the thyioid w'as then lifted with a small pan of hand forceps, and 
tension w'as applied while it w'as being dissected ficc from the underhing tissues 
Precautions were taken not to injure the lecurrcnt lanngeal ner\c during the dis- 
section The lifting and blunt dissection were continued until the isthmus was freed 
from Its tracheal attachments Ihe right lobe was dissected in the same manner as 
the left The skin was closed with interrupted sutures and iodine applied to the 
w'ound 

Immediately after the animals had been operated on, litter mates of the same sex 
and as near the same weight as practical were divided into four groups (table 1) 
Groups 1 and 2 (18 males and 18 females, respectivch ) received a diet of fox chow' 
only Groups 3 and 4 (20 malts and 18 females, respectively) received a diet con- 
sisting of 99 98 per cent fox chow' and 0 02 per tent desiccated thyroid The animals 
w'ere kept on their respective diets throughout the course of the experiment During 
the first one hundred and fifty days of the experiment a few deaths occurred in each 
experimental group On the one hundred and fiftieth day the 59 remaining animals 
were found to be distributed as follow's (table 1) groups 1 and 2, 13 males and 16 
females, respectively, and groups 3 and 4, 18 males and 12 females, respectively 
At this time the animals w'ere anesthetized w'lth ether, and tw'o small pieces of viable 
spindle cell sarcoma, each about the size of a grain of w'heat, w'ere placed beneath 
the skin in each animal through a dorsal incision near the level of the first lumbar 
vertebra The sarcoma was a highly' malignant growth of spindle and amorphous 
cells, obtained from the uterus of a rat and kept alive by' transplanting small pieces 
beneath the skin through successive generations 

The quantity' of thyroid used in the replacement therapy' was that prev'iously 
established as adequate to produce a significant beneficial effect on the host 
Indexes to this beneficial effect were observed in weekly weights and in the femoral 
measurements obtained after the death of the animals The weekly weights showed 
a stimulating effect on body growth at about the third week, which reached a 
maximum approximately' seven weeks later Beyond this time the thy'roid-fed 


3a The formula of the fox chow is as follows 


Organic 

Percentage 

Inorganic 

Percentage 

Proteins 

23 

Iron 

0 018 

Fat 

5 

Magnesium 

0 09 

Fiber 

4 

Potassium 

0 56 

Ash 

7 

Silica 

0 23 

Nitrogen-free extract 

54 

Sodium 

0 67 

Moisture 

7 

Cblorine 

0 68 



Phosphate 

1 17 



Calcium 

2 22 



Iodine 

trace 


4 Patras, M C The Influence of Thyroid Feeding on the Skull Pattern of 
Thyroparathyroidectomized Rats, Thesis, University' of Illinois Graduate School, 
1939 
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animals maintained their acquired stature The second index, dealing with the size 
the femur, revealed a significant increase in the length of this bone in those 
animals which had received thyroid therapy 

The weights obtained on the day the tumors were transplanted revealed an 
average difference of 78 and 43 Gm between the males and females, respectively, in 
favor of the groups receiving desiccated thyroid The period of survival following 
the tumor inoculation varied from twenty-four to sixty-two days, with no significant 
difference between the sexes, nor was the longevity markedly influenced by the 
thyroid therapy 

The weekly weights obtained throughout the period of survival and at the time 
of death revealed a sharp increase beginning about two weeks after the tumor trans- 
plants were made This rapid increase reached a maximum three to four weeks 
later, after which there was a slight decline 

As soon after death as practical, the tumors were removed and weighed From 
these data was derived not only the average tumor weight but also the relation of 
the weight of the tumor to that of the host 

The average weight of tumor tissue per i^t in the groups which did 
not receive thyroid therapy was found to be 69 Gm foi both males and 
females The groups receiving desiccated thyroid yielded significantly 
more tumor tissue per rat than the groups which did not receive tliyi old 
The average tumor weight per rat on thyroid was found to be 94 Gm for 
the males and 108 Gm for the females This diffeience of 25 to 39 Gm 
m favor of an increase m tumor growth with thyroid therapy may be 
considered as coiroboiative of the view that thyroid stimulates new 
giowth and susceptibility to cancel Sugiura and Benedict® observed 
the rate of tumor growth to be veiy slow m animals fed a goitiogenic 
diet Kosugi ® claimed that thyroid deficiency exei ted a marked inhibi- 
toiy effect on the growth of the Kato rabbit saicoma if this deficiency 
was established at the time of or before the tumoi was tiansplanted In 
geneial this woik was confirmed by Nislnda," who added that substances 
which promote thyioid function seemed to accelerate tumor giowth 
Rohdenburg, Bullock and Johnston ® obtained some evidence that thyioid 
deficiency deci eased the susceptibility of animals to cancel Bischoff 
and Maxwell,® on the othei hand, were not able to find evidence that 
thyroparathyioidectomy influenced the rate of giowth in a rat carcinoma 

A moie detailed study of the data, taking into consideration the 
influence of thyroid on the host as well as on the tumor, does not suppoit 
a conclusion that thyroid may have a specific effect on tumor growth 
The average loss of body weight incurred by the animals between the 
time of the transplantation of tumor and their death was not found to be 

5 Sugiura, K , and Benedict, S R Am J Cancer 23 541, 1935 

6 Kosugi, K Tr Jap Path Soc 27 651, 1937 

7 Nishida, S Jap J Obst & Gynec 18 195, 1935 

8 Rohdenburg, G L , Bullock, F D , and Johnston, F J Arch Int Med 
7 491, 1932 

9 Bischoff, F , and Maxwell, J J Pharmacol & Exper Therap 16 51, 1932 
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significantly diffeient The weights of the females on fox; chow at the 
tune of death (table 1) after the tumors had been removed levealed a 
loss of 25 pel cent, w hile those receiving thyroid lost 27 pei cent The 
same general i elation was obsei r ed in the male gi oups 

Since the thyroid therapy superimposed on a fox chow^ diet did not 
leveal a significant specific effect on the growdh of tumor tiansplants 
the question of inineial balance, wdiich is known to be distuibed,^° w’^as 


Table 1 — Tumoi Gjozutli m Thyi opm athy) oidcctovuzed Rats 
Fed Desiccated Thytotd 


Groups 

M erngc 
\nimals W^eight of 
Operated Animal at 
Animals on and Beginning 
Operated Bearing of Exper 
On Tumors Iment 

Aicragc 

Weight 

of 

Animal 

on 

130th Baj 

ticrage 

Weight 

of 

Aiiimal 

and 

Tumor 

Aicrage 
W eight 
of 

Tumor 

Ai erage 
Weight 
of 

Animal 

Less 

Tumor 

1 

Males on fo\ cliow 

IS 

13 

C2 

157 

ISO 

C9 

120 

s 

Males on fox cho^\ 
and thyroid 

20 

IS 

C2 5 

235 

290 

94 

rc 

2 

Females on fox ehow 

IS 

1C 

57 

132 

107 

CO 

9S 

i 

Females on fox chow 
and thyroid 

IS 

12 

5G 

l75 

Cl 

lOS 

127 

Table 2 — Tiiinoi Gu 

ozat/i ut 

Thyi Opal athyi oidectoniiccd Rats Fed Desiccated 



Thyioid and Calcium Caibonatt 




Groups 

Animals 

Operated 

On 

A\erage 
Animals Weight of 
Operated Animal at 
on and Beginning 
Bearing of Exper 
dumors inicnt 

Average 

Weight 

of 

Animal 

on 

150th Daj 

Ai orage 
Weight 
of 

Animal 

and 

Tumor 

erage 

Weight 

of 

Tumor 

Average 

Weight 

of 

Animal 

Xess 

dumor 

5 

Males on fox chow 
and calcium 

22 

20 

C07 

1G5 

220 

cs 

152 

7 

Males on fox choi\, 
calcium and thyroid 

IS 

15 

Cl 

2S0 

34S 

so 

259 

6 

Females on fox chow 
and calcium 

15 

15 

55 2 

159 

211 

C7 

144 

8 

Females on fox chow, 
calcium and thyroid 

17 

14 

57 5 

203 

2S4 

71 

213 


considered Calcium theiapy (table 2) was theiefoie instituted in a 
group of 72 thyroparathyroidectomized rats Until the time of operation 
these animals were treated in the same manner as those pieviously 
described After the operation they w'ere divided into four groups 
(table 2) Groups 5 and 6 (22 males and 15 females, lespectively) 
received a diet consisting of 99 per cent fox chow and 1 per cent calcium 
carbonate Groups 7 and 8 (18 males and 17 females, lespectively) 

10 T\veed\, W R Templeton, R D , Patras, M C , Mcjunkin, F A, and 
McNamara R W J B:ol Chem 128 407, 1939 
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received a diet comparable to that of groups 5 and 6 except for the 
addition of 0 02 pei cent desiccated thyroid, which was substituted for 
an equivalent quantity of fox chow Tumor transplants were made on 
the surviving animals one hundred and fifty days after the start of the 
experiment Thirty-four days after these inoculations all animals were 
killed and the tumor tissue removed This time of putting them to death 
was selected because the results obtained on groups without calcium 
therapy indicated that a maximum growth of host plus tumoi was 
attained about thirty to thiity-five days after the transplantation of tumor 
A difference of 44 and 115 Gm for the females and males, respec- 
tively, was observed in favoi of thyroid feeding at the time the tumor 
transplants were made Approximately this same difference, with a 
rapid rise in the weight, which began between the second and third week 
after the inoculations, continued until the close of the experiment The 
animals were killed for the tumor tissue before the occurrence of a 
marked decline m the weight of the hosts lesulted from the tumor 
growth 

A comparison of the quantities of tumoi tissue obtained from the 
various groups revealed a slight stimulating effect of thyroid The aver- 
age weight of tumor tissue taken from the animals which did not receive 
thyroid was 68 and 67 Gm , respectively, for males and females, while 
the groups receiving thyroid therapy vielded 89 and 71 Gm of tumoi 
tissue, respectivel}^, from males and females 

The stimulating effect of thyroid on tumor tissue loses its significance 
when Its effect on the host is taken into consideration, since tumor tissue 
responds to thyroid therapy in practically the same manner as normal 
tissue 

SUMMARY 

The influence of thyroid on tumor growth was proportional to its 
effect on the general metabolism, and the addition of 1 per cent calcium 
carbonate to the diet had no significant effect on the growth of the host 
or of the sarcoma transplant 
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CONGENITAL ATRESIA OF THE PANCREATIC DUCT 
WITH CYSTIC FIBROSIS OF THE PANCREAS 

Ella H Oppeniieimer, M D 
Associate in Pathology, The Johns Hopkins University 

HAI TIMORF 

Aiideison^ lecently leviewed 49 cases of congenital panel eatic 
steatorrhea 27 of these cases weie aheady lecoided in the hteiatuie 
and 22 weie leported foi the fiist time The pathologic alteration of 
the panel eas m this senes was fairly uniform, consisting usually of a 
lesion best desciibed as C3stic fibiosis Occasionally complete fatty 
atrophy was found Yet Andeison noted that the panci eatic ducts had 
been dissected infiequentU' and that an obstiuction of the panci eatic 
duel's uas obseived in only a few cases In 4 of hei cases it was impos- 
sible to dissect the duct, but in only one of bei piotocols (no 20) 
was definite atiesia desciibed, m 2 cases lecoided in the hteiatuie 
stenosis of the duct was found neai the orifice, and Andeison concluded 
that in 3 other instances definite atiesia was obseived J'his last figuie 
should be leduced to 1 She listed the lepoits by Tiling - and Benoit “ 
as lepoits of 2 sepaiate cases, yet tbej^ aic descriptions of the same 
case In the case lepoited by Siwe,^ which Andeison lists as one of 
atiesia of Wiisung’s duct, theie was a noimal patent duct extending 
fiom the head to the tail of the panci eas, and Snve consideied the pan- 
creatic lesion as due to “agenesis” of the excietory acinai tissue 

In all, theiefoie, theie aie only 4 cases recoided in the hteiatuie 
in wdiich an obstiucted pancreatic duct was seen to cause c}stic fibiosis 
of the panel eas in infancy A biief summaiy of the data on these cases 
follows 

Koinbhth and Otani ° lepoited the condition in a 5 day old infant 
With serial micioscopic sections they saw the mam panci eatic duct, 
which was dilated throughout the body of the panci eas, suddenl}’^ naiiow 
to a shthke lumen m the head of the panci eas Though the duct was 
stenotic, its lumen \vas not obhteiated Pai melee® noted m a 4p2 yeai 
old gill that the duct at the head of the panci eas was “ver}'^ narrow” 
Piling - and Benoit® sepaiately repoited the condition m the same 7 
month old infant Actual atresia of Wiisung’s duct w’^as demonstiated 
in serial sections The oiifice of the duct was located m the duodenum 
beneath the common bile duct , the duct was then traced m the duodenal 

1 Anderson, D H Am J Dis Child 56 344, 1938 

2 Tiling, W Arch f Kinderh 106 9, 1935 

3 Benoit, W Endoknnologie 16 313, 1935 

4 Siwe, S S Deutsches Arch f klin Med 173 339, 1932 

5 Kornblith, B A , and Otani, S Am J Path 5 249, 1929 

6 Parmelee, AH Am J Dis Child 50 1418, 1935 
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wall and was seen to biancli, but it immediately nan owed down to 
nothing and ended without evei penetiatmg tliiough the musculaiis of 
the duodenum oi enteiing the pancieas Finally Andeison^ in the 
piotocol of case 20, that of a 3 yeai old gnl, noted that a small panel eatic 
duct \vas found which on gross examination extended from the ampulla 
for 8 mm and was then “lost m fihious tissue” No micioscopic sec- 
tions of this lesion weie desciibed 

Since the publication of Andei son’s leview, 2 other cases of pan- 
el eatic steatoiihea ha\e appealed m the lileiatuie In the case reported 
by Ihonias and Schlutz ' the panci eatic duct was dilated The cause 
of the lesion was not found In the case observed by Davie,® although 
Santonin’s duct was patent Wiisung’s duct was thought to be occluded 
by fibioiw tissue Unfoi tunately, the pancreas was sepaiated from the 
duoaenum, and the oiifice of the duct was not seen, nor was any his- 
tologic desciiption of the duct lecoided 

To make this summaiy of cases complete, I should like to add 5 
cases of congenital cystic panci eatic fihiosis found by a leview of the 
autopsv lecoids of this hospital, these cases weie noted biiefly b> Rich 
and Duft® The piecise obstiuction was not demonstiated in any of 
these cases, but in 2 of them a suggestive microscopic lesion of the duct 
was seen, nhicli had not been lecognized giossly In an autopsy on a 
(F /2 month old boy the section of the ampulla of Vater showed a “multi- 
loculai s}stem of glands suggesting a soit of papillomatous tumoi 
giowtl ” which might well have been the cause of the pancreatic lesion, 
although vithout seiial sections this could not be established Likewise, 
m an autopsy on a 3^4 month old girl a section near the ampulla showed 
a large thick-walled panci eatic duct in winch the mucosa was tin own 
up in papillomatous folds that nai rowed the lumen, but in the absence 
of seiial sections the nature of this lesion could not be determined 

Fiom this suivey it can be seen that a histologic pictuie of the lesion 
m the panel eatic duct causing cystic fibiosis of the oigan is raie indeed 
A case is reported, theiefore, as in it serial sections weie made of all the 
peitment mateiial It seems advisable to add this case to the small 
numbei abeady described 

REPORT or A CASE 

A 10 month old white girl had alwa 3 ’^s presented a feeding problem She 
failed to gain well and vomited rather frequently At 6 months she was admitted 
to the Harriet Lane Home with an infection of the upper respiratory tract and 
severe diarrhea She was malnourished and dehydrated and had acute pharyngitis 
and otitis media The diarrhea subsided in about two weeks She ate well in the 
hospital, without vomiting, but did not gam well in spite of a large caloric intake 
The stools w'ere always large and dry, and an analysis of them showed poor 
absorption of fats The dextrose tolerance was normal, but there was a tendency 
to alimentary glycosuria when the carbohvdrate intake was large There w'as 
a period of transient pyelitis, which was complicated bv another attack of diarrhea 
The baby had shown a tendency to wheeze, but no allergic reaction could be 
demonstrated She was gaming fairly well w'hen, nine days before her death, she 

7 Thomas, J, and Schlutz, F W Am J Dis Child 56 336, 1938 

8 Davie, T B J Path & Bact 46 473, 1938 

9 Rich, A R , and Dulf, G L Bull Johns Hopkins Hosp 58 212, 1936 
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again acquired an infection of the upper respiratory tract, followed by bronchitis, 
bronchiolitis and pneumonia The clinical impression was pancreatic deficiency, 
vitamin A deficiency secondary to poor absorption of fats, diffuse bronchitis, 
bronchiolitis and pneumonia 

Pathologic Obsctvahons — Autops} was performed one and one-half hours after 
death Only the important changes are noted here The body weighed onlj 5 5 
Kg Nutrition was poor There were no teeth The abdomen was distended The 
lungs showed foci of lobular consolidation, and pus-filled bronchioles were con- 
spicuous The liver was large and contained a good deal of fat The gallbladder 
and bile ducts and the other viscera were normal The lines of ossification of the 
bones were all straight and narrow 

The pancreas was the center of interest It \\as left connected to the duodenum 
It seemed to be of normal size and shape No orifice corresponding to that of 
Santorini’s duct was found m the duodenum A minute orifice, thought to belong 
to Wirsung’s duct, w’as seen adjacent to the ampulla of Vater This w'as so 
narrow that a probe could not be passed For this reason the pancreas was 
sectioned, but its ducts could not be seen, nor were any dilated channels or cjsts 
noted at this time In fact, the lobulation seemed about normal How'e\er, a few' 
hours after fixing the specimen in Zenker’s fluid a striking change was seen 
Instead of showing normal lobulation, the surface was co\ered wuth white foci 
varying in size from minute dots to spots with a diameter of 2 5 mm The largest 
foci were easilv seen to be cavities filled with inspissated material When an} of 
these cysts was probed it w'as found to end blind!}, and there w'as no area that 
could be identified as a duct 

Mtcioscoptc Obscivattons — Onl} the abnormalities are described 

(a) Respiratory Tract The mucosa of the trachea showed in places a thick 
la}er of squamous epithelium replacing its normal columnar cells Squamous 
epithelium even lined many of the ducts and acini of the mucous glands and was 
found in the mam bronchi and also in tiny bronchioles in the depth of the lungs 
The bronchioles were filled wuth an exudate of polymorphonuclear leukocytes 
Their w'alls were thickened by infiltrating leukoc}tes and Avandermg cells A 
few patches of peribronchial alveoli in both lungs were filled with purulent 
exudate 

(b) Rib The line of ossification of the rib was entirely normal 

(c) Genitourinary Tract The renal parenchyma w’as normal The pelvic 
mucosa w'as greatly thickened, but the cells maintained their transitional character 
The ureteral mucosa was also thick, but it too was normal transitional epithelium 
The epithelium of the bladder formed a thicker layer than normal but show'ed no 
metaplasia Thick squamous epithelium lined the vagina and cervix but did not 
extend into the uterus 

(d) Gastrointestinal Tract The mucosa of the ducts of the salivary glands was 
appreciably thickened, and in some places areas of squamous metaplasia were seen 
No ducts were occluded, but some dilated acini were seen The epithelium of 
the esophagus formed a much thicker layer than normal Patches of mononuclear 
cells were seen in its submucosa In frozen sections of the liver stained W'lth 
scarlet red fine globules of fat were seen in every cell 

(c) Pancreas and Duodenum Serial sections showed the minute orifice 
identified grossly as the orifice of Wirsung’s duct The conclusion that this did 
not extend into the pancreas was substantiated, as microscopically (fig 1) it 






Fig 1 — A, photomicrograph of a section of the orifice of Wirsung’s duct as it 
enters the mucosa of the duodenum, X 100 B, Wirsung’s duct m the submucosa, 
already greatly narrowed, X 100 C, Wirsung's duct just before its obliteration in 
the connective tissue of the submucosa X 100 The duodenal mucosa is just 
visible m the right upper corner, and the muscularis of the duodenum is seen m 
the lower left corner 


793 


794 


ARCHIVES OF PATHOLOGY 


consisted of a senes of multilocular cysts which communicated and opened into 
the lumen of the duodenum but did not penetrate in the opposite direction through 
the muscularis of the duodenum The lining epithelium was flattened, but there 
was no squamous metaplasia Serial sections of the pancreas showed complete 
alteration of its structure (fig 2) It consisted of a senes of large and small cjsts 
containing a coagulum which in places was inspissated and even calcified The cysts 
were embedded in a fibrous stroma All of the cysts could be traced in the serial 
sections until they disappeared, and none extended through the tissue as would a 
duct, nor could any continuous lumen resembling a duct be found The ducts 
and acini were so dilated as to be indistinguishable No squamous metaplasia 
was found in the pancreatic tissue Numerous islands of Langerhans of noimal 
structure were seen in the fibious stroma 



Fig 2 — Photomicrograph of a section of pancreas showing irregular C 3 'stic 
dilatations embedded in dense connective tissue , x 40 Some of the cj^sts contain 
coagulum 


Fvial Anatomic Diagnosis — Congenital atresia of the mam pancreatic duct, 
cystic atrophy of the pancreas, vitamin A deficiency, squamous metaplasia of the 
trachea, bronchioles and salivary glands, purulent bronchitis, lobular pneumonia 


COMMENT 

In this case of cystic fibiosis of the pancreas in a 10 month old 
baby, serial sections levealed the pancreatic lesion to be caused by tiue 
atiesia of the pancreatic duct This case is similai to that desciibed by 
Tiling and Benoit The pancreatic duct was lost in fibrous tissue before 
it penetrated through the muscularis of the duodenum In the panel eas 
only dilated cysts, representing ducts and acini, were found, and none 
was connected to the duodenum Fairly noimal epithelium lined these 
cysts, so that this change could not be caused by occlusion of the pan- 
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creatic duct by squamous metaplasia Quite the leverse had occuried 
As the panel eatic duct was occluded, theie weie no pancreatic ferments 
in the duodenum, with lesulting poor absorption of fats and a charac- 
teristic fatty condition of the liver Andeison also noted this hepatic 
change m many of her cases Furthermore, the poor absorption of fats 
had evidently been the basis for the vitamin A deficiency, i e the 
squamous metaplasia m the epithelium of the respiiatory tract Andei- 
son also found this piesent m hei cases and quoted Basu’s eaiher 
obsei vation that there is inadequate absorption of vitamin A fiom 
the alimentaiy tiact if absorption of fat is inadequate It is mteiestmg 
that the bones of this child showed no rachitic change In Anderson’s 
cases, although vitamin A deficiency was a frequent finding, rickets was 
piesent only once This indicates clearly that vitamin A is absorbed only 
with the fats absorbed from the intestinal tract, and m the absence of 
this souice of the vitamin no vitamin A is acquiied, whereas in the 
absence of intestinal intake of vitamin D a substituting factor, such as 
sunlight, may provide the vitamin to the bod)^ 

Blackfan and Wolbach described teimmal bronchitis and pneumonia 
secondary to the squamous metaplasia of the epithelium of the lespiia- 
tory tiact which occurs in infants suflfering fiom vitamin A deficiency 
Andeison noted that this was invariably the cause of death in her 
patients In this infant, too, purulent bronchitis, bronchiolitis and pneu- 
monia were the cause of death 


SUMMARY 

Cystic fibrosis of the pancieas m an infant is repoited Serial 
microscopic sections showed that congenital atiesia of the mam pan- 
creatic duct was the basis of the panel eatic lesion Poor absorption of 
fats and deficiency of vitamin A lesulted, and death occuried from 
pulmonaiy infection secondary to squamous metaplasia of the bronchial 
epithelium 

10 Basu, N K Ztschr f Vitaminforsch 6 106, 1937 

11 Blackfan, K D , and Wolbach, S B J Pediat 3 679, 1933 



SPONTANEOUS DOUBLE RUPTURE OF THE HEART 


G A C Snider, MD, Spokane, Wash 

Spontaneous rupture of the heart is not rare ^ It has been recorded 
in about 0 0016 per cent of neciopsies and is estimated - to occur in 
about 2 to 6 per cent of myocardial infarctions The anterior wall of 
the left ventricle is the commonest site of rupture The mterventi ictilar 
septum IS rarely involved I have been unable to find a report of any 
case of septal lupture subsequent to the 26 cases mentioned m the 
survey by Benson, Hunter and Manlove,^*^ in 1933 These and other 
reports ® make an example of double lupture of the heart seem unique 

REPORT or A CASE 

A man thought to be about 60 years old, with a history of old hemiplegia, 
convulsive seizures and inability to talk, was admitted to Western State Hospital, 
Dec 17, 1931 He was found to have spastic right hemiplegia, motor aphasia and 
“irregularity m the rl^thm and foice of the heart tones ” The clinical diagnosis 
was “psychosis with organic brain disease (cerebral hemorrhage) ” While in the 
hospital, he gradually deteriorated mentally and physically and had occasional 
convulsive seizures with transient C 3 'anosis and irregularities of pulse Feb 11, 
1939, he was found to have edema of the legs He suddenly became dyspneic and 
cyanotic, with a weak pulse Two days later he was found dead, fifteen minutes 
after having "seemed as usual ” 

Necropsy revealed an obese white man 176 cm in length, weighing about 210 
pounds (95 Kg ), with dependent edema The tense bluish pericardial sac was 
of triangular outline and measured 17 5 cm transversely Within it were about 
200 cc of fluid blood and a soft red clot weighing 476 Gm The greatest trans- 

From the Department of Pathology, Western State Hospital, Fort Steilacoom, 
Wash 

1 (a) Krumbhaar, E B , and Crowell, C Am J M Sc 170 828, 1925 
(6) de la Chapelle, C E Am Heart J 1 315, 1926 (c) Benson, R L , 
Hunter, W C, and Manlove, C H Am J Path 9 295, 1933 (d) Salzmann, 
H A Am J M Sc 188 347, 1934 (e) Peterson, M C Minnesota Med 
17 256, 1934 (/) Clowe, G M , Kellert, E, and Gorham, L W Am Heart J 
9 324, 1934 (ff) McNamara, F P , Hancock, J C, and Coad}’-, C C J Iowa 
M Soc 27 210, 1937 

2 The Criteria Committee of the New York Heart Association Nomenclature 
and Criteria for Diagnosis of Diseases of the Heart, New York, J J Little 
and Ives Co, 1939 

3 Davenport, A B Am J M Sc 176 62, 1928 Stevenson, R R , and 
Turner, W J Bull Johns Hopkins Hosp 57 235, 1935 Carter, D Y Brit 
M J 2 335, 1936 McNamara, W L , Ducey, E F , and Baker, L A Am 
Heart J 13 108, 1937 
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verse diameter of the anterior surface of the heart was 14 cm There was 
extensive petechial and ecchymotic hemorrhage beneath the epicardium of all 
cardiac chambers posteriorly The right ventricle was empty The right auricular 
appendage w^as distended by adherent grayish thrombi , the left one was empty and 
contracted On the posteiior surface of the lett ventricle, 1 5 cm to the left of 
the posterior interventricular sulcus and 3 cm from the atrioventricular sulcus 
{A 111 figure), was a ragged longitudinal laceration 2 2 cm long The myocardium 
at its edges was soft, friable and yellowish The heart weighed 570 Gm The 
right coronary artery was considerably larger than the left, and its lumen was 



A, posterior view of the septal areas of the ventricular wall showing the 
rupture through the posterior wall of the left ventricle The bristle passes through 
the septal rupture B, anterior view of a section through the septum and ventricles 
The long bristle passes through the septal rupture which connects the two 
^entrlcles The short bristle passes from the hemorrhagic cavity in the septum 
mto the left ventricle The internal opening of the rupture in the posterior left 
ventricular wall is just above the level of the long bristle, betw^een the left edge 
of the septum and the knife cut which is visible in the posterior left ventricular 
wall 


uneienly distorted and narrowed by yellowish atheromatous plaques Beginning at 
a point 15 mm from the right coronary ostium, the vessel was occluded for a 
distance of 20 mm by a drjq giavish and reddish thrombus The aiteri passed 
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down the posteiioi interventricular sulcus as the posterior interventriculai artery 
The lumen of the left coronary artery, although tortuous and narrowed by 
atheromatous plaques with focal calcification, was patent throughout Its circum- 
flex branch turned downward and terminated over the posterior surface of the 
left ventricle just to the right of the obtuse margin without demonstrable 
anastomosis with the right coronary artery The foramen ovale, though 
anatomically patent, was guarded by \alvelike flaps adequate to close it Both 
ventricles were dilated, and their papillary muscles and trabeculae carneae were 
thickened and flattened The anterior wall of the right ventricle averaged 5 mm 
in thickness, the posterior wall was about/7 mm thick Posteriorly, the muscular 
interventricular septum bulged into the right ventricle The tricuspid valve was 
normal except for petechial hemorrhages on its posterior cusp, and the pulmonic 
valve was unchanged The anterior wall of the left ventricle was elongated 
and measured 15 to 20 mm in thickness, w’hilc the posterior w'all w'as 9 to 12 mm 
thick Except for atheromatous plaques on the aortic cusps and on the anterior 
mitral leaflet, these valves were normal There was extensive subendocardial 
hemorrhage of both left papillary muscles, over the posterolateral portions of 
the left ventricular w'all and on both sides of the interventricular septum The 
myocardium of the posterior wall of the left ventricle, the posterior papillarj 
muscle, the upper posterior part of the septum and the posterior wall of the 
right ventricle w'ere friable, softened, swollen, opaque and mottled reddish 3 ellow' 
and displayed tiny fibrotic foci and edematous areas Elsewdiere the muscle w'as 
coarsened, pinkish and firm In the upper posterior part of the muscular septum 
{B in the figure) w'as a ragged tear, through which the ventricles communicated 
The edges of this w'ere covered by an adherent grayish red clot On the right 
side, the septal rent measured 13 by 3 mm , on the left side it measured 12 bv S 
mm The opening sloped dowmw'ard to the right and slightly forw'ard There 
was hemorrhagic dissection anteriorly into the septum in a plane parallel to the 
muscle fibers, and the cavity thus formed communicated with the opening into the 
left ventricle The internal dimensions of the rupture in the posterior w'all of 
the left ventricle were 10 by 4 mm About this opening w'as a reddish clot 

Microscopic examination show'ed slight adventitial lymphocytic infiltration of 
the right coronary artery with marked atherosclerotic stenosis and occlusion of the 
lumen by a recently formed thrombus, in which there was variabl}' complete dis- 
integration of the blood cells but no evidence of organization The thrombi in 
the right auricular appendage showed softening but no organization Here some 
of the myocardial cells were sw'ollen, and there was patchy interstitial edema 
with infiltration by leukocytes, chieflj^ poljmorphonuclears The mjmcardium of 
the anterior wall of the right ventricle was hyperemic and edematous and there 
was leukocytic exudate in the subepicardial fat The anterior wall of the left 
ventricle and the anterior papillarj'- muscle were modified by focal interstitial edema, 
slight, patchy fibrosis, focal infiltration by leukocjdes and exudative inflammation 
of the subepicardial fat The posterior right ventricular wall showed patches of 
jmung connective tissue containing lymphocj'tes and histiocytes and some necro- 
biotic changes in the muscle The myocardium of the posterior left ventricular wall 
and of the corresponding papillary muscle exhibited focal recent fibiosis, edema, 
extensive coagulative necrosis, fresh hemorrhage and infiltration by well preseived 
leukocytes About the septal rupture the muscle had undergone extensive coagula- 
tive necrosis and softening, with edema, hemorihage and marked disintegration of 
the leukocytes and red cells of the abundant exudate Here also were areas of 
\ascular young granulation tissue containing old blood pigment, some of which w'as 
phagocytosed bj' histiocjtes All sections showed marked hypertrophy of the 
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muscle cells, which was greatest in those from the left \entricle In some of 
the sections small intramural branches of the coronary arteries showed slight 
intimal fibrosis and atheromatous change 

Other important pathologic changes were marked generalized arteriosclerosis 
w’lth multiple ulceration and mural thrombosis of the aorta , cerebral arteriosclerosis 
with multiple foci of cerebral, pontile and medullary softening, general chronic 
passive hyperemia with ascites, anasarca and bilateral hydrothorax with compres- 
sion atelectasis of the congested and edematous lungs , bilateral renal arterio- 
sclerosis without nephrosclerosis, nodular fibroadenomatous hyperplasia of the 
prostate gland, and purulent ethmoiditis and sphenoiditis The thyroid and other 
endocrine glands W'ere normal 

COMMENT 

Although not of clinical record, the presence of arteiial hypei ten- 
sion may be presumed because of the renal arteriosclerosis and the 
marked hypei tiophy of the heart, predominantly left ventricular, with- 
out other demonstrable cause This hypertension was no doubt an 
important cause of the two distinct ruptures through the same myo- 
cardial infarct It would seem that the septal rupture probably occurred 
first, possibly two days before death, when the symptoms of acute 
cardiac distress appealed so abiuptly in this person with failing circu- 
lation The septal portion of the infarct was the older of the two foci, 
since a thrombus had formed over it The massive tamponading intra- 
pericardial hemorihage would have been fatal befoie thiombosis could 
have occurred had the ruptures been simultaneous oi had the mural 
rhexis occurred first If this assumption is true, the present case is 
additionally interesting for the reason that solitary septal ruptures 
usually kill as suddenly as do mural ones Anastomosis between the 
anterioi and posterior interventricular arteries apparently spared the 
anteiior apical septum from infarction, but the ciicumflex bianch of 
the left coronary artery was apparently incapable of saving much of 
the left ventricle 

SUMMARY 

A unique example of thrombotic occlusion of the right coionaiy 
aitery with extensive myocaidial infarction and rupture thiough the 
posterior pait of the muscular interventriculai septum, with subsequent 
separate luptuie thiough the posteiior wall of the left ventiicle, lesult- 
ing in fatal hemopencaidium, is lepoited 



ENDOMETRIAL SARCOMA 


Robert Fienberg, MD, Westfield, Mass 

Endometiial saicoma has been lecognized as a pathologic identity foi 
a long time In fact, Virchow^ dcsciibed the diffuse type of this 
neoplasm m 1865 and agieed that polypoid types might occui Duiing 
the latter part of the nineteenth and the early part of the twentieth 
centuiy, numerous cases weie reported Many were included in com- 
pilations of cases of saicoma of the uteius and w’'eie not published undei 
the title of endometiial saicoma Refeiences to this oldei literature may 
be found in Piquand’s " leview of 1905 and in Ewing’s^ “Neoplastic 
Diseases ” 

Despite the voluminous early hteratuie, endometiial saicoma is today 
a little knowm entit}'^ Stout, foi instance, stated that he has seen only 1 
case He believes that m many of the oldei repoits cases of undiftei- 
entiated carcinoma weie included among the cases of saicoma 

Masson ° compiled a senes of 50 cases of uteiine sarcoma that were 
observed during a peiiod of tw’^ent}' 3'ears and found only 1 case of 
endometiial saicoma 

The difficulty m diagnosis may be responsible foi the appaient larity, 
wuth the result that cases of endometiial saicoma are classified as cases 
of leiomyosarcoma On the other hand, the fiequency of lepoits of 
cases of endometrial saicoma m the oldei hteiature may be due, as 
Ewing ® said, to the fact that the cases weie instances of advanced muial 
leiomyosai coma 

R Meyei “ followed the teachings of Virchow and on the basis of 
gross anatomic featuies distinguished between a typical diffuse t}pe 
of endometiial saicoma and a polypoid type He desciibed the diffuse 
t3'^pe as closely lesembhng histological^ the lamina propria of the 
endometiium and, like it, possessing a typical reticulum, consisting of 
delicate fibrils suriounding individual cells On the othei hand, the 
polypoid forms are more akin to the mucosal polyps than to the lamina 
propiia of the endometiium, possessing as the3'^ do a fibiillary stroma 
and spindle cells Atypical and mixed cells aie found in the lattei t3pe 

From the Laboratory of Pathology, Westfield State Sanatorium ' 

1 Viichow, R Die krankhafte Geschwulste, Berlin, A Hirschwalo, 1864- 
1865, vol 2 (a) p 350, (6) p 180 

2 Piquand, G Rev de gynec et de chir abd 9 387, 1905 

3 E^\lng, J Neoplastic Diseases, ed 3, Philadelphia, W B Saundeis 
Company, 1929, p 284 

4 Stout, A P Human Cancer, Philadelphia, Lea & Febiger, 1932, p 357 

5 Masson, J D Am J Obst & Gynec 5 345, 1923 

6 Mej’^er, R , in Henke, F , and Lubai sch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1930, vol 7, 
pt 1, p 374 
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Since 1918, scattered repoits have appeared in the literature under 
the title of endometiial saicoina Biady/ Gerich,® Ward,® Offeigeld,^® 
iMoench and Meekei and Buigei have each published 1 case 
easier^® described a "unique, diffuse, uterine tumor really an adeno- 
inyoma with stroma but no glands” in a woman 39 years of age This 
was no doubt an endometrial saicoma arising fiom the lamina piopria 
of the endometrium 

Tudhope and Chisholm described 3 cases which they thought might 
be mistaken for cases of endometrial sarcoma Close examination of 
tissues routinely stained, as well as of those stained by Foot’s modifica- 
tion of Bielschowsky’s silver stain for reticulum, levealed, accoidmg to 
the authois, that all were instances of undiffeientiated carcinoma 

My own experience has led me to believe that this neoplasm is not 
well known among pathologists and gynecologists Certainly few i eports 
have appeared in the literature recentl}’^ It is with these points in mind 
that the following 2 cases are repoited 

REPORT OF CASES 

Case 1 — A white ivoman 65 years old entered the cancer section of the W'estheld 
State Sanatorium, Dec 9, 1937, because of intermittent vaginal bleeding since 
November 1937 The menopause had occurred at the age of 46 There was a 
spheiical uterus, about 8 cm in diametei, with a fungating growth within it On 
December 17, after dilation and curettage, 50 mg of radium was inserted into the 
body of the uterus , a total dose of 2,400 milligram houi s was given The pathologic 
diagnosis on the basis of the curettings was endometrial sarcoma External irradia- 
tion was attempted but discontinued after the patient had received 600 loentgens to 
the pelvis on account of low red cell counts Three transfusions were gnen, and a 
total hysterectomy was done 

The surgically removed specimen was a uterus amputated above the cervix, 
with tubes and ovaries attached The cervix was submitted separately The 
uterus measured 6 by 6 S by 6 cm The serosa was smooth When the anterior 
wall was sectioned, a large, soft, yellowish brown, broad, lobulated polypoid mass 
uas found attached to the posterior wall by a broad base, completely filling the 
endometrial cavity It measured 8 5 by 9 5 by 2 5 cm , having expanded when 
the uterus was opened On section it showed yellowish brown tissue with the con- 
sistency and appearance of cerebral tissue Numerous regions of cystic degenera- 
tion were present There were hemorrhagic foci on the surface There was little 
invasion of the myometrium at the base on gross examination The myometrium 
throughout the uterus, both at the base of the neoplasm and elsewhere, measured 
1 5 cm in thickness The endometrium covering the anterior wall was smooth and 
dun A small leiomyoma, measuring 0 8 cm, was found just above the cervix 
>n the anterior wall, and another of the same size, in the left cornu Both the 
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ovaries and the tubes \\ ere normal The cervix measured 3 5 by 2 0 by 2 5 cm 
A patulous orifice with bilateral tears was present 

Section through the neoplasm revealed leplacement of the endometrium by 
cellular, compact, homogeneous neoplastic tissue resembling to a striking degree 
the lamina propria of endometrium No acini were visible The neoplastic cells 
possessea small oval to round nuclei, containing fine chromatin granules Theie 
was an occasional small nucleolus There was little variation m the size and 
shape of the cells There was scanty cytoplasm with indistinct cell outlines A 
small amount of intercellular substance was present There were numerous small 
aiteries and veins with hyperplasia of the endothelium, and mural cells Numeious 
mitotic figures were seen There was superficial, but definite, invasion of the 
myometrium An intact layei of simple columnar epithelium w'as seen on the 
surface No effect of ii radiation was noted With Wilder’s reticulum stain, delicate 
leticular fibers formed a mesh resembling closely that found in the lamina propria 
of the endometrium Reticular fibers were m intimate relationship with each cell, 
curving about and practically enclosing each one mdividuallj' These reticulai 
fibers were much thinner than those m the mj'ometrium 

The rest of the endometiium was atrophic Small, ill defined nodules of criss- 
crossing bundles of smooth muscle formed small leiomyomas within the myometrium 
There was moderate lymphocytic infiltration of the cervical stroma, with few 
dilated glands visible The ovaries and tubes were normal 

The diagnosis was endometrial sarcoma, leiomjoma of the uterine fundus 
and chronic cervicitis 

The patient died Jan 29, 1938, with signs of cardiac failure 
Laboiatoiy Data — Dec 10, 1937, the red cell count w'as 1,420,000, the hemo- 
globin content 2 2 Gm (Sahli) , the white cell count, 5,900 Jan 22 1938, the red 
cell count W'as 3,850,000, the hemoglobin, 10 2 Gm (Sahli) , the w'hite cell count, 
8,400 

Posiinoi tern Examination — The body w'as that of an elderly wdiite woman, 
slightly emaciated The abdomen w'as distended A recent abdominal incision, 
17 cm in length, held together by stay sutures, extended fiom a point at the left 
of the umbilicus to just above the pubis The edges adheied W’ell A drain w'as 
present in the lower portion The pelvis contained 25 cc of fresh blood The 
duodenum and the loops of the jejunum were distended There was slight 
distention of the cecum A defect m the pelvic flooi caused by removal of the 
internal genitalia was well repaired, with sutures intact 

The heart weighed 430 Gm There was dilatation of the right lentricle and 
light auricle The left ventricle was moderately enlarged and the left ventriculai 
wall thickened On section, the myocardium of the left ventricle displayed a few' 
5 'ellowish white foci of fibrosis, measuring up to 0 5 cm in diameter There w'as 
a slight amount of fibrosis in the rings of the aortic and pulmonic valves 

The left lung weighed 300, the right 420, Gm There was congestion of the 
posterior portions of the upper lobes, with atelectasis of the posterior portions 
of both lower lobes The bronchi contained thick mucopurulent material The 
mam branches of the pulmonary artery w'ere dilated, the secondary branches, 
within the lungs, were normal 

The left kidney weighed 240 Gm , the right, 228 The capsules stripped w'lth 
difficult}', exposing a somewhat irregular, reddish brown surface with scattered 
thin-walled cysts, measuring from 0 7 to 5 5 cm in diameter On section, the 
cortices were found markedly and irregularly narrowed, measuring 02 to 0 4 
cm in thickness The demarcation between the cortex and the medulla was poor 
on the right and on the left An encroachment of cvsts on the medulla was visible 
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The thyroid weighed 45 Gm The left lobe contained a few small nodules 
measuring up to 3 5 cm in diameter The nodules were well encapsulated, trans- 
lucent, 3 ^ellowish In the right lobe were similar but smallei nodules, measuring 
up to 1 cm in diameter 

The left sacroiliac joint and vertebrae were examined, but no metastatic tissue 
was found 

The head was not examined 

Mxaoscojnc Examination — Sections weie stained with phloxme-methylene blue 
In the heart were small patches of fibrosis and thickening of the intima of small 
arteries , in the lungs, marked congestion and hemorrhage The kidneys showed 
numerous wedge-shaped cortical scais with scattered lymphocytes, many cortical 
and medullary cysts with thin, fibrous walls, lined with flattened epithelial cells, 
and thickening of the intima of medium-sized arteries An occasional hyalinized 
arteriole could be seen There was lymphocytic infiltration of the submucosa of the 
pelvis 

The aorta showed fibrous thickening of the intima with cholesterol deposits 

There was marked fibrosis in the nodules in the thyroid, with dilated acini, filled 
with colloid There was much colloid in the connective tissue between the acini 

Bone from the iliosacral joint and vertebrae was normal No metastases were 
observed 

The main postmortem diagnoses were panhysterectomy for sarcoma of the 
endometrium, hypertensive cardiac hypertrophy and paralytic ileus 

Case 2- — A white woman 72 years old was admitted to the cancer section of 
tlie Westfield State Sanatorium Oct 4, 1938 She had had vaginal bleeding since 
June 1937 There was a foul vaginal discharge There had been dull aching 
pain in both lower quadrants of the abdomen for the past two months , also, slight 
fiequency of urination The loss of weight was 8 pounds (3 6 Kg ) The meno- 
pause occurred at the age of 55 

Physical examination revealed a laige, hard tumor in the lower quadrant of 
the abdomen, reaching the umbilicus A hard, nodular, freely bleeding mass was 
felt m the cervical canal The uterus was freely movable 

October 7, after dilatation and curettage, a specimen was taken fiom the cervix 
for biopsy, and 100 mg of radium in a platinum bomb was inserted The patient 
icceived 1,700 milligram-hours of radium exposure The pathologic diagnosis on 
the curettings was chronic cervicitis with necrosis of tissue The patient was 
discharged against advice October 17 but was admitted a second time Jan 20, 1939 
Vaginal bleeding had continued The pelvic condition was similar to that on first 
examination Exploratory laparotomy was done January 30 A large uterus was 
found with an irregular nodule on the superior surface of the fundus, with two 
loops of small intestine attached On account of inoperability, biopsy alone was 
done The pathologic diagnosis on the tissue removed was "sarcoma, insufficient 
for classification ” The patient died Febiuary 8 

Laboiatory Data — Jan 5, 1938, the red cell count was 4,330,000, the hemoglobin 
content, 11 3 Gm (Sahli) , the white cell count, 6,300 February the red cell count 
was 3,300,000, the hemoglobin, 9 9 Gm (Sahli) , the white cell count, 20,200 

Postmortem Examination — The body was that of an obese white elderly woman 
The abdomen was markedly distended A recent, poorly healed surgical incision 
extended from just above and to the right of the umbilicus down toward the supra- 
tmbic region for about 20 cm There was an abundant amount of foul-smelling 
grayish purulent material in the vaginal orifice The mucosa of the lower portion 
of the vagina was ulcerated and grayish green The large and small intestines 
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were distended Loops of small intestines weie adhcient with friable grajisli 
fibrinous adhesions About 600 cc of a grajish brown purulent fluid was distributed 
generallj" The enlarged uteius protiuded from the pelvic cavih with a gra 3 ish 
black, mottled nodule on the superior aspect of the fundus Two loops of pioximal 
ileum were adherent to the nodule The peritoneum was thickened and discolored 
grajush green to grayish black, especially on the right Tlie peiincal fat was also 
thickened There were abundant fibrinous adliesions between the light lobe of 
the liver and the right dome of the diaphragm The sigmoid was compressed by the 
enlarged uterus and was adherent to the left lateial gutter bv means of dense 
fibrous adhesions The pouch of Douglas was obliterated The omentum e\as 
moderatelv contracted, thickened and indurated, with an abundant amount of fat 
present It revealed indistinct yellowish white striations 

In the pleural cavities there weie dense fibrous adhesions at the apexes of 
the left and right lungs On the right 50 cc of stiaw-colored fluid was piesent 
Tiieie were scattered yellowish plaques with slight calcification in the descending 
branch of the left coronar}'- arterj’^ just below its junction with the left circumflex 
aiterj'- In the lower lobe of the left lung there were superficial legions of 
atelectasis On the right, atelectasis w'as more extensu e, with half of tlie low er lobe 
involved 

The ga^rointestinal tract w’as normal, but there was moderate induiation of the 
perirectal tissues by fibrosis, with a small jellow'ish w'hite nodule, about 0 7 cm in 
diameter, in the anterior poition of the peiircctal tissues The distal portion of 
the gallbladdei w'as fibrotic and narrowed and enclosed two pigment-cholesterol 

stones There were small pigment stones m the neck The common duct was 

dilated, 14 cm in diameter The kidnej's each weighed 160 Gm The cortices 

were well demarcated from the medullae but w’cre narrow'ed, measuring 0 3 to 
0 4 cm in thickness There w'as a small cj'st with purplish fluid m the upper pole 
of the left kidney In the bladder, in the region of the trigon, weie small, 
Slightly translucent, reddish browm excrescences, 0 1 cm in diametci 

The fundus of the uterus was much enlarged, measuring 13 by 9 5 b\ 9 5 cm The 
cervix measured 1 5 cm in length The upper portion of the anterior surface of 
the fundus w'as smooth, the lower portion w'as adheient to the bladder b^ fibrous 
and fibrinous adhesions The anterior W'all of the uteius w'as sectioned, revealing 
a dilated endometrial cavity, measuring 18 cm in circumference It was filled w’lth 
large, necrotic, friable, j^ellowish red to j^ellowish white polypoid masses with 
giayish green to grayish black tips The entire endometrial surface was involved 
by the neoplasm except for the lovvei segment, measuiing 3 5 cm in length from 
the lower edge of the neoplasm to the internal cervical orifice On section the neo- 
plastic tissue possessed a variegated color pattern corresponding to the colors of 
the surface Grossly, the uteiine wall appeared more compressed than invaded, with 
only a thin rim of myometrium present, measuiing fiom 0 2 to 1 5 cm in thickness 
The uterine wall of the supeiior portion of the fundus, where the nodule W’as 
found attached to loops of proximal ileum, was grayish green, neciotic and very 
thin, measuring about 0 2 cm in thickness The exocervix was flattened The 
cervix itself was uninvolved by the neoplasm The pericervical tissues were 
indurated and fibrotic The entire vagina was ulcerated and grayish green Theie 
was infiltration of the left broad ligament by the neoplasm, there was thickening 
of the right broad ligament, with no neoplastic infiltration The left fallopian tube 
was slightly'' dilated, 0 7 cm in diameter The fimbriated end was obliterated and 
adherent to the cystic left ovary, vvhich measured 1 5 cm in diameter There were 
flecks of fibrin on the surface of the left ovary The light tube was more dilated, 
measuring 1 2 cm in diameter The surface vv'as graj'isli green and cov'ered with 
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flecks of fibrin The fimbriated end was obliterated and adherent to the right 
ovar}", which measured about 1 2 cm in diameter 

The aorta showed scattered yellowish plaques, with eaily calcification piesent, 
especially in the lumbai legion 



Fig 1 — A, uterus with an endometrial sarcoma having its origin m the lamina 
propria (case 1) B, uterus with an endometrial sarcoma having its origin in an 
endometrial polyp (case 2) 

t- 

The head was not examined 

Streptococcus haemoljticus (beta) was isolated from the peritoneal exudate 
after death 
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Explanation or Figure 2 

A, section of the eiidonietnal sarcoma in case 1, hematoxy]ni-phlo\ine , X 430 
Isiote the homogeneity of the cells and their similarity to those of the lamina propria 
of the endometrium 

B, delicate mesh of fibers similar to that found in the lamina propria of the 
endometrium enclosing the individual sarcomatous cells (case 1) , Wildei’s reticulum 
stain X 430 

Cj section of a rapidly gi owing, immature portion of the sarcomatous utciine 
neoplasm in case 2, showing a streaming bundle of characteristic saicomatous 
spindle cells with mitotic figures , phloxine-methylene blue , X 430 

D, section of a slowly gi owing, mature portion of the uterine neoplasm in 
case 2, showing masses of carcinoma surrounded b> sarcoma , phloxine-methylene 
blue, X 100 

E, section of a slowly growing, mature portion of the sarcomatous uterine 
neoplasm in case 2, showing coarse, slightly wa%y long fibers running parallel to 
the long axes of sarcomatous cells , Wilder’s reticulum stain , X 430 

F, section of a carcinomatous metastasis in perirectal tissues showing masses 
of carcinoma separated from sarcoma b 3 ' a thin zone of acellular connective tissue 
(case 2), phloxme-methjdene blue, X 100 
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M-icioscopic Obsavatwns — Sections \vere stained with phIo\ine-methj lene 
blue, Masson’s tnchrome stain as modified by Goldner and Wildei’s stain for 
reticulum The lungs and spleen weie congested There was marked edema, 
with deposition of fibrin, in the submucosa of the small intestine Theie ivas 
thickening of the serosa by edema and fibroblastic piohferation with thick la 3 crs 
of fibiin and neutrophils on the surface The rectum was normal, but small 
masses of compact, polygonal neoplastic epithelial cells were present ivithm the pen- 
rectal tissues The oval and round nuclei of the neoplastic cells contained coarse 
chromatic granules and occasional large nucleoli Ihere were scattered giant 
lobulated nuclei An occasional mitotic figure was seen The cytoplasm was 
acidophil and moderately abundant There was infrequent acinus formation 
There ivas edematous stromal connective tissue about the neoplastic epithelial 
masses, the former sharply differentiated from the latter Thin stromal trabeculae 
separated the neoplastic epithelial masses fiom one another The stroma was 
predominantly cellular, small vesicular spindle-shaped nuclei w'ere piesent in most 
places, but no mitotic figures There w'as little variation in size or shape In one 
region, how’ever, the stroma was definitely sarcomatous Heie, an acellular zone of 
connective tissue was present about the neoplastic epithelial masses, with sarcomatous 
tissue bevond There was transition betw'een the benign cellular connective tissue 
stroma and the sarcomatous tissue The latter W'as arranged in criss-crossing 
bundles, w'lth oval and spindle-shaped nuclei, which were definitely plumpei and more 
hyperchromatic than those in non-neoplastic stroma The nuclear chromatin 
material was arranged m fine granules, with occasional small nucleoli present 
The cvtoplasm was scanty Numerous mitotic figures with atvpical forms weie 
piesent There was moderate variation in size The phlo\me-mcthylene blue 
stain reiealed a moderate amount of intercellular material With Wilder’s stain 
foi reticulum, the masses of carcinoma w'cre found to contain no silver-staining 
fibers, but the stromal reticulum about the carcinomatous masses was prominent 
^^^lthm sarcomatous stromal portions the reticulum stood out sharply, w'lth numerous 
thick and thin, long, slightly wavy, at times reduplicated siher-stained fibers noted 
in intimate contact with sarcomatous cells This reticulum was similar to that 
found in more mature portions of the uterine neoplasm, to be described later 
A few small foci of fat-filled cells were noted m the liver The w'all of the 
gallbladder was thickened and fibrotic, with large foci of cholesterol and small foci 
of calcification Scattered ly'mphocytes were noted The serosa w'as edematous 
ana infiltrated by neutrophils, lymphocytes and endothelial cells One section of 
a kidney had a cyst between the cortex and the medulla, with a narrow zone of 
fibrous renal parenchyma at the periphery There were wedge-shaped scars in 
the cortex The lamina propria of the bladder showed moderate edema and con- 
gestion, with foci of lymphocytes scattered about In one section there was invasion 
of the serosa by masses of neoplastic epithelial cells similar to those found in 
the perirectal tissue, but no sarcomatous tissue was present Numerous sections 
tnrough the uterine neoplasm revealed a predominantly rapidly growing, ulcerated, 
solid sarcomatous tissue arranged in criss-crossing bundles with a herringbone 
pattern \isible There were scattered thin-walled vessels The cells were ty'pically 
fibroblastic The nuclei were predominantly spindle shaped with some oval, round 
and giant lobulated nuclei visible They contained fine chromatin granules and 
round, prominent, single or multiple nucleoli There were numerous mitotic figuies 
The cytoplasm was granular, collected at the poles and tapered to fine points 


IS Goldner, J Am J Path 14 237, 1938 
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There was much necrosis The nonulcerated portions weie coveied b} simple 
columnar epithelium There was marked invasion of myometrium, with isolated 
foci of muscle surrounded by sarcomatous tissue There was a thin layer of 
myometrium at the periphery in some sections There was invasion of veins by 
the neoplasm There was organizing fibrin on the serosa In this rapidly growing 
sarcomatous tissue, occasional coarse intercellular fibrils were visible with 
phloxme-methylene blue stain With the trichrome stain, a few scattered inter- 
cellular collagen fibers were noted Wilder’s stain revealed a few coarse, long, 
slightly wavy reticular fibers running along the long axis of the cells 

In two sections the neoplasm was more mature and slowly growing The 
surface was covered by simple columnar epithelium, occasionally indented, forming 
acini Occasional small solid epithelial masses were also present Within acini 
the epithelial cells were often arranged m several layers The epithelial nuclei 
ueie oval to round with occasional definitely neoplastic, multinucleated and multi- 
lobular giant cells The cytoplasm was scanty and acidophilic, with occasional 
round acidophilic cytoplasmic inclusion bodies piesent Papillarj’^ projections 
within acini were composed of sarcomatous tissue covered by epithelial cells The 
Itichrome stain revealed much more intercellular collagen here than in rapidl}' 
growing portions The tissue did not stain like smooth muscle Wilder’s stain 
lor reticulum revealed numerous coarse, long, slightly wavy fibrils along the long 
axes of cells in intimate contact with them These fibers were similar to those 
in the stromal sarcoma of the perirectal tissues No irradiation effect was noted in 
the uterine neoplasm There were numerous lymphocytes and polymorphonuclears 
within the mucosal folds and m the lumens of the tubes In one section of ovary 
there were small carcinomatous masses at the periphery, similar to those in the 
perirectal tissues The stroma about the carcinomatous masses was also similar 
to that in the perirectal tissues except for absence of sarcomatous change A 
small focus of sarcoma was noted at some distance from the carcinomatous masses, 
with moderate polymorphism, similar to that seen in rapidly growing poitions of 
the uterine sarcoma The thyroid contained a small nodule composed of poorly 
developed acini Many epithelial cells had vacuolated cytoplasm There was 
marked necrosis of the surface of the abdominal wound with numerous neutrophils 
and lymphocytes below' No fibroblastic activity was seen There were occasional 
foci of cellular marrow in an otherwise atrophic marrow' in the vertebrae 

The mam postmortem diagnoses were endometrial sarcoma of the uterus with 
foci of carcinoma and local extension and metastases to the perirectal tissues, 
bladder and ovarj', acute fibnnopurulent peritonitis 

COMMENT 

The 2 cases descnbed aie offered as instances of the two tv'pes of 
endometrial sarcoma 

In the first the tumor, except for its uniradicular, polypoid appear- 
ance, was typical of saicoma arising from the endometiial lamina 
piopiia Consistent with this origin weie the location of the neoplasm 
and the superficial invasion of the myometrium In addition, not only 
did the characteristics of the cells stained with hematoxylin and phloxine 
leave no doubt of its histogenesis but the reticulum v\ ithin the neoplasm 
was chaiacteristic, simulating as it did the leticulum of the endometrial 
lamina propria This reticulum was delicate and consisted of fibers 
uhich twisted and turned, enclosing each cell individually This pattern 
was 111 sharp contiast to the long, thick leticulai fibeis in leionnosai- 
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coma, which extend paiallel to the long axes of the cells Whethei this 
type of endometiial sarcoma grows m an undiffeientiated foim and thus 
loses Its 1 eticulum could not be ascei tamed fi om the literature 

Although the impoitance of the i eticulum m diagnosing this type of 
neoplasm has been stiessed by R Meyei,® none of the ai tides describing 
this type of neoplasm published within the past twenty }ears has men- 
tioned the use of a silver i eticulum stain It is true that Tudhope and 
Chisholm used a silver reticulum stain, but the) were concerned with 
differentiating carcinoma fiom sarcoma, and fuitheimoie they had no 
neoplasm similar to that in the first case le^DOited here 

No metastases weie found at postmoitem examination, which was 
consistent with the histologic appearance 

The absence of any iiiadiation effect on this neoplasm is sti iking 
The 600 loentgen of ladiation may be disiegarded, but the 2,400 milli- 
gram hours of ladium exposure given over a month befoie the total 
hysteiectomy must be taken into consideiation despite the bulk of the 
neoplasm It appears that, as in leiom} osai coma, ladical surgical opeia- 
tion IS the only lational treatment 

The neoplasm in the second case, which is similai to one cited b} 
Piquand,' falls into the categoiy of the classic pol 3 '^poid type of endo- 
metrial saicoma aiising from polypi This is a logical classification, since 
the stionia of the endonietiium gave use to the stioma of the poljp which 
in tuin gave rise to the sarcoma 

In the neoplasm described, elements i elated to those of a fibrous 
polyp were noted in the more slowly growing portions of the neoplasm, 
with cai cinomatous glandular structures intermingled with the sarcoma- 
tous stioma The saicomatous cells, unlike those in the neoplasm of 
the first case, weie moie spindle in type 

The 1 eticulum in this neoplasm resembled that in endometiial polypi, 
with long, thick fibeis running parallel to the long axes of the cells The 
1 eticulum alone is not of as much impoitance as in the first case, since a 
similai t 3 ^pe can be seen in leiom 3 ’-osarcoma, but it is valuable if used in 
conjunction with the general histologic picture 

Of course, the fibroblastic characteristics of the cells and the abun- 
dant amount of intercellular collagen in intimate lelationship to the cells 
in the mature portions showed that this neoplasm was not leiomyo- 
sarcoma 

In addition, the sarcomatous elements of the uterine neoplasm weie 
definite^ not undifferentiated caicinoma, since the reticulum, especially 
that in the slowly growing portions, was abundant and m intimate con- 
tact wuth the cells Furthermoie, the reticulum sepaiated sharply the 
carcinomatous from the sarcomatous elements It would be contrary to 
all histologic criteria to believe that a carcinoma could produce such 
typical saicomatous reticulum The few reticulai fibers in the rapidly 
growing portion were a sign of poor differentiation 

The carcinomatous elements formed histologically only a small part 
of the uterine neoplasm In fact, they were absent in the rapidly grow- 
ing poitions Clinically, they were important because they weie capable 
of metastasizing 

Of great interest is the stroma of the carcinomatous metastases, since 
definite transformation of the stroma into sarcoma took place It is 
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doubtful on histologic giounds that this change lepiesented metastasis 
iiom the uterine sarcoma Furtheimore, simultaneous metastases of 
both the caicmomatous and the sarcomatous elements to an identical spot, 
with the lattei suriounding the foimei, would be extraordinary A 
thud point against metastasis fiom the uterine sarcoma is the fact that 
tiansition from the benign to the sarcomatous stroma could be traced 

The last point is of interest, since it indicates an influence of the 
caicmomatous element on its stroma, which led to malignant changes 
Of couise, if this was so m the metastatic foci, it seems that the same 
might hold true for the primary uterine neoplasm, where the influence 
by the carcinomatous elements on the stroma of the original polyp might 
have given rise to the sarcoma which later became the piedommant 
neoplasm 

It IS of Intel est that this idea of a malignant neoplasm possibly influ- 
encing adjacent non-neoplastic tissue toward malignant neoplasia was 
mentioned by Virchow, who, however, expiessed the opinion that the 
sarcoma preceded the carcinoma in cases similar to my second case On 
the other hand, Ehrlich and Apolant,^® who were the first to demonstrate 
such a phenomenon in animal neoplasms, were convinced that the car- 
cinoma arose fiist and influenced its stroma to become saicoma, which 
in turn became the predominant neoplasm Herxheimer and Harvey 
and Hamilton agieed with Ehrlich and Apolant, they applied this idea 
to human neoplasms 

As m the uterine neoplasm, so in the metastatic foci, the sarcomatous 
elements could not be confused with undiff ei entiated carcinoma since a 
typical sarcomatous reticulum was found m the sarcomatous stroma, 
sharply differentiating them from the carcinomatous elements, which 
contained no leticulum 

No iiiadiation effect could be found on this neoplasm despite the 
application of 1,700 milligram-hours of radium exposure four months 
before death, although the bulk of the neoplasm, as m the first case, 
might have prevented easy access of the radium to the entire mass of 
the neoplasm Radical surgical intervention would thus seem to be the 
best method of treatment for this type of neoplasm 

While I am aware that the second case might be regarded as an 
instance of carcinosarcoma, a discussion of this much debated subject 
(Saphir and Vass^®) has been deliberately avoided to pre\ent this 
paper from becoming too diffuse and cumbersome 


SUMMARY 

Of the 2 cases of endometrial saicoma described, the first belongs to 
the group in which the neoplasm anses from the lamina propria of the 
endometrium, the second to the gioup in which it comes indirectly 
from the lamina piopria by waj' of an endometiial polyp 

16 Ehrlich, P , and Apolant, H Centralbl f allg Path u path Anat 17 
513, 1906, Perl klm Wchnschr 44 1399, 1907 

17 Herxheimer, G Beitr z path Anat u z allg Path 44 150, 1908 , 
Centralbl f allg Path u path Anat 29 1, 1918 

18 Harvey, W F , and Hamilton, 1 D Edinburgh M J 42 337, 1935 

19 Saphir, O , and Vass, A Am J Cancer 33 331, 1938 
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Within the pi edominantly saicomatous iiteiine neoplasm of the 
second case -weie foci of caicinoma, which gave use to metastases The 
lattei weie sui rounded by a cellular stioma which in one legion was 
sarcomatous This observation suggested that both the caicinoma m 
the uteius and that in the metastases might have influenced the stioma 
to become saicoma, vhich m the uteius became the piedominant 
neoplasm 

The value of leticulum staining to bring out the chaiacteiistic 
leticulum in endometiial saicoma arising from the lamina piopiia has 
been stiessed The leticulum in the endometrial saicoma aiising fiom 
an endometiial polyp was found to be less chaiacteristic Reticulum 
staining was also of A’-alue m confirming the diagnosis of saicoma in 
the stroma of the carcinomatous metastases of the second case and m 
distinguishing the saicoma from undifferentiated caicinoma 



Laboratory Methods and Technical Notes 


HAMDI’S PRESERVING SOLUTION 
Pkuihan QIambel, M D , Istanbul, Turkey 

My tcachei, the late Pi of H Hamdi, used an inexpensive fluid 
foi the pieserAation of gross pathologic specimens, which has been iii 
general use in oui country foi some yeais The simplicity, low cost 
and efflcac} of the method lead me to desciibe it heie 

The specimen to be presc^^ed is fixed in a 10 to 20 per cent dilution of the 40 
per cent stock solution on the market The larger and more solid the specimen 
(brain, Iner, large spleen, large tumor) the higher the percentage of stock solution 
that may be used After the specimen has been thoroughly fixed and prepared, 
it is left in running tap water for at least twenty-four hours , then it is placed in 
a higlilj hypertonic (about SO per cent) salt solution prepared with clean tap 
water Here it is left for tw'O to five days The hypertonic salt solution penetrates 
the organ, drives out the formaldehj'de solution, causes a slight swelling, which 
remo\es the shrinkage due to the formaldehyde fixation, and increases the weight 
of the specimen, so that the lungs, for instance, do not float when placed in the 
preserving fluid It helps, moreo^er, to prevent the grow'th of molds After the 
organ has been rinsed in running water, it is placed directly into Hamdi’s solution, 
the formula of W’hich is as follows 


Sodium sulfate (pure) 5 Gm 

Salt (pure) 100 Gm 

Clear tap W'ater containing no organic impurities 1,000 Gm 

Gljcerin 50 Gm 


The solution is clear, practically colorless It may be >ellowish if the glycerin 
is yellowush Icteric organs sometimes give it an icteric tint After a couple of 
^ears it may become slightly 3 ellow'ish, especially when the specimen is exposed 
to much light 

A few' drops of a saturated camphor solution in 96 per cent alcohol is added 
The white precipitate that forms is dissipated by superficial stirring with a glass 
rod Then the glass cover is sealed on the container 

If the seal loosens and molds form, and even if the color of the specimen is 
spoiled on account of the molds, it is sufficient to leave the specimen foi half an 
tiour to a few hours m running water and in a jar into which a few' crystals of 
potassium permanganate have been placed The organ is then rinsed in running 
W'ater, treated with salt water oi not, replaced in fresh Hamdi solution and the 
jar resealed 

The advantages of Hamdi’s solution aie It does not necessitate 
a preliminary treatment of specimens with alcohol as with most of the 
preserving solutions now m use It preserves the specimens practically 
in then natural condition, it does not destioy the red blood coipuscles 

SUMMARY 

An economical method of preserving pathologic and anatomic 
museum specimens is described 

From the Laboratoiy for Pathological Aanatomv', Gureba Hospital 
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EXPERIMENTAL GASTRIC CARCINOMA 

A CRITICAL REVIEW WITH COMMENTS ON THE CRITERIA 
or INDUCED MALIGNANCV 

ALFRED J KLEIN, MD 

A^TD 

WALTER LINCOLN PAIAIER, UT) 

CHICAGO 

The pioduction of experimental cancels iS non general!} consideied 
to have staited in 1914 with the finding of Yamagiwa and Ichikana that 
repeated applications of coal tai to a labbit’s ear nas followed in some 
cases b} caicmomatous changes with metastasis Since that time many 
different neoplasms have been produced experimentally by vaiious 
methods The studies of Kennaway, Cook, their co-woikeis and otheis 
in the isolation of a carcinogenic hydrocarbon fiom tar and latei m the 
pieparation and synthesis of othei carcinogenic compounds opened up 
new methods of approach In view of the lapid strides made in the past 
twenty-five yeai s m the field of expei imental cancel , it seems of interest 
to review what success has attended efforts to pioduce expei imentally 
one of the most common malignant giowths found m man — caicinoma 
of the stomach ’■ 

In animals, caicinoma of the stomach is one of the raiest spontaneous 
cancers Feldman “ estimates that 8 to 10 pei cent of old dogs have neo- 
plasms, of which 40 to 50 per cent aie malignant, yet all studies of the 
occurience of spontaneous cancers m domestic, laboratory and wild ani- 
mals uniformly show that carcinoma of the stomach is lare (Wells, Slye 
and Holmes ^ , Slye, Holmes and Wells *) Theie is no strain of animal 
m which gastric cancel develops regulaily oi indeed with sufficient fie- 
quency to wairant an attempt to develop a “cancel stiaiii” Fuitheimore, 
the diagnosis for animals is almost invai lably made post moi tein 

From the Department of Medicine, University of Chicago 

This review is preliminary to work aided bv a grant from the Fenger Memorial 
Fund 

1 References to some work, particularly that pertaining to parasitic tumors, 
are chiefly to key articles If the same paper has been published in several languages 
or journals, only one reference is usually made to it 

2 Feldman, W H Neoplasms of Domesticated Animals, Philadelphia, W B 
Saunders Company, 1932, p 68 

3 Wells, G H , She, M, and Holmes, H F Am J Cancer 33 223, 1938 

4 Slye, M , Holmes, H F, and Wells, H G J Cancer Research 2 401, 

1917 
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In over 142,000 mice of the She stock, dying of natural causes, Wells, 
She and Holmes^ lepoited 12 gastiic cancels 8 squamous cell carci- 
nomas, 3 adenocarcinomas and 1 saicoma In addition there weie 2 
adenomas u Inch ma} have been eai 1} adenocai emomas This i epi esents 
all the gastiic cancels m the Slye stock of mice in ovei twenty years of 
caieful obseivation This lepoit, essentially confirmed by all othei 
imestigatois, stresses the laiity of spontaneous gastiic neoplasms m 
mice 

Stewait and Andcivont found that in mice of both sexes of stiain 
I theie legulail} develop spontaneous adenomatous, hypertiophic and 
hyperplastic overgiouths of the glandular lugae of the pyloric portion 
of the stomach with associated inflammatory changes and ulceiation, 
inetastases have not been obseived Histologic studies levealed some 
featui es somewhat suggestive of malignant gi owth A few adenomatous 
tumors m the lungs w'eie legarded as nonmetastatic, since in mice 
of this stiain such pulmonaiy tumois develop spontaneously Many 
etiologic factois were given seiious consideiation by these investigatoi s, 
but no positive conclusion w'as i cached The condition, it is pointed 
out, beais some analogy to a laie gastiic adenopapillomatosis occuiiing 
in man and appai &ntly having a familial tendency 

In marked contrast to the iaiit> of gastric cancel in animals is the 
well know'll frequency of caicinonia of the stomach in man Livingston 
and Pack® estimated that 40,000 to 50,000 deaths aie caused annually 
m the United States by gastric carcinoma This is from 25 to 30 pei 
cent of deaths due to malignant tuniois, oi about 3 pei cent of all deaths 
The mortaht)' statistics of some Euiopean countiies show that more than 
one half of all malignant neoplasms are carcinoma of the stomach 
(Konjetzny 

In attempting to explain the maiked difference between man and 
the low'er animals in the development of spontaneous gastric cancel, 
attention naturally centered on the diet and on the fact that man is the 
only animal to heat his food and to consume it hot In 1916 Lerche ® 
analyzed the situation somewhat as follow's He reviewed statistics of 
the sites of carcinoma in the esophagus and stomach and the sites of 
cicatricial stiictures resulting fiom swallowing coirosive fluids The 
predisposition of certain sites to stiictuie formation following the 
ingestion of coirosive fluids was found to depend on the time of contact 
of the fluid w'lth the various portions of the esophagus and stomach 

5 (o) Stewart, H L , and Andervont, H B Arch Path 26 1009, 1938 
(b) Stewart, H L ibid 29 153, 1940 

6 Livingston, E M , and Pack, G T End Results in the Treatment of 
Gastric Carcinoma, New York, Paul B Hoeber, Inc , 1939 

7 Konjetzny, G E Der Magenkrebs, Stuttgart, Ferdinand Enke, 1938 

8 Lerche, W Surg, Gjnec & Obst 23 42, 1916 
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Evidence ^^as piesented to show why cicatiicial stnctuies do not occui 
at the sites of the physiologic nai rowings but above them and wh} in 
cases in vhich a small amount of coirosive fluid vas taken the esophagus 
escaped stricture formation entirel)'- and only the antral area of the 
stomach was involved The latter involvement was more freciuent m 
nonfatal cases It is significant that the favorite sites of caicinoma of the 
esophagus and stomach -weie found to coi respond exactly to the favorite 
sites of cicatiicial stnctuies m these oigans Since the explanation of 
the localization of conosive action to certain aieas depended on the 
mechanics involved Avhen a fluid is ingested, it seemed reasonable to 
suspect some fluid used by man and not by animals as an etiologic factor 
111 the pioduction of caicinoma of the esophagus and stomach Alcohol 
and othei fluids ivere consideied, but hot liquids remained as the most 
likely possibility 

Bonne had the unique opportunity to study tivo groups living in 
the same countiy ivith a marked difterence m the incidence of gastric 
carcinoma the Malays m Java, m -whom gastric carcinoma is almost 
unknowui, and the immigiated Chinese m Java, m \vhom it is not uncom- 
mon In 3,885 autopsies on these Malays over a period of fifteen years 
about thiee fourths of wdiom were males, only 1 gasfric carcinoma was 
found, although the total cancer late w'hen recalculated for a population 
of standaid age w^as found to be m accord wuth the usual figuies foi 
Western countries Bonne and co-w'oi kers found no significant dif- 
feience in the moiphologic chaiactei of the stomach or m the gastiic 
secietion in these twm gioups The)' caiefully studied the dietary and 
other habits but w'ere unable to draw' definite conclusions Somewdiat 
similai studies have been lepoited lepeatedly, foi example, those of 
Hei bei t and Bruske and Lintott,^^ w'ho m attempting to account foi 
the fact that the incidence of gastiic carcinoma in Holland was twnce 
that in England, concluded that an extrinsic factoi w'as involved 

EXPERIMENTAL GASTRIC CARCINOMA 

The animals almost universally used in repoited ini estigations of 
expel imental gastiic carcinoma aie mice and lats Both the mouse and 
the rat have a stomach consisting of tw'O chambeis (1) a foiestomach 
comprising two thirds of the entire stomach and lined by squamous 
epithelium continuous wnth the esophagus and (2) a glandular stomach 

9 (a) Bonne, C J Trap Med 29 288, 1926, (l^) Ztschr f Krebsforsch 
25 1, 1927, (c) Am J Cancer 30 435, 1937 (d) Bonne, C , Hartz, H , Klerks, 

J V , Postliuma, J H , Radsma, W , and Tjokronegoro, S ibid 33 265, 1938 
(e) Bonne, C , and Sandground, J H ibid 37 173, 1939 

10 Herbert, W E, and Bruske, J S Guy’s Hosp Rep 86 301, 1936 

11 Lintott, GAM Gu 3 '’s Hosp Rep 86 293, 1936 
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sepal atcd fiom the uppei squamous-lined poitioii a slight elevation, 
the limiting iidge 

ObMOUsly two entiiel} difteient types of caicmoma might develop 
(1) a squamous cell caicmoma of the nonsecietmg foiestomach, which 
would appear to be moie closely i elated to a caicmoma of the esophagus 
or skill than to (2) an adenocaicmoma of the secreting glandulai stomach 
A shaip distinction between these two uni elated types should be made 

The means used in attempts to pioduce experimental gastiic caici- 
noma generally fall into one of the following categories (1) dietetic 
iiiitants, (2) paiasites, (3) dietaiy deficiencies, and (4) agents knowm 
or suspected to be caicinogenic when fed, injected oi implanted 

Dietetic hiitants — ^The onl}’- attempt to pioduce gastiic cancel 
expel imentally by hot food was made by Lewis a good many yeais ago 
He pouied hot mush daily into the gasti ostomies of 35 dogs Unfortu- 
iiatel), none of the dogs suivived this pioceduie more than one yeai 
No eiidence of gastiic caicmoma, gastiic ulcei or gastiitis was found 
If this pioceduie could lead to changes eventually lesultmg in gastiic 
caicmoma, it is now^ knowm, as pointed out by Wells, Slye and Holmes,® 
that It would piobably lequiie a longei time than these dogs survived 
Expeiimental cancels of any kind aie laie m dogs, but Passey’s lecent 
obsenation of a niahgnant melanoma occuiimg m a dog aftei six and 
one-halt }eais of wmekly tairiiig may give some indication of the 
induction period requiied 

Paiasites — The earliest attempts at expeiimental production of 
cancer to attiact wide attention weie those of Fibigei, who m 1913 pub- 
lished the first of a series of beautifully illustiated lepoits on the pio- 
duction of squamous cell carcinoma m the foi estomachs of lats by means 
of a nematode, Gongylonema neoplasticum Much of this work has 
been ciiticized and remains unconfiimed (Passey, Leese and Knox^®'’^-, 
Cramer 

Fibiger found squamous cell tumors m the foi estomachs of wild lats 
infected with Gongylonema neoplasticum (Spiioptera neoplastica) Rats 
contiacted the infection from cocki caches Fibiger fed infected cock- 
roaches to black and white laboiatory rats and maintained them on a diet 
of white bread and water After infection none of the rats lived moie 
than two hundred and ninety-eight days The changes m the stomach were 
limited to the squamous-lmed forestomach The glandular poition was 
never involved either primarily or by invasion The stomach w’’as often 

12 Lewis, J H , cited by Wells, Slye and Holmes ^ 

13 (a) Passey, R D J Path & Pact 47 349, 1938 (6) Passey, R D , 

Leese, A, and Knox, J C ibid 40 198, 1935, (c) 42 425, 1936 

14 Fibiger, J Ztschr f Krebsforsch (a) 13 217, 1913, (b) 14 295, 1914, 
(r) J Cancer Research 4 367, 1919 

15 Cramer, W Am J Cancer 31 537, 1937 
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enlarged, ^^lth iiodiilai piominences on the external sin face The gastiic 
mucosa had obvious papillaiy giowths, and metastases weie repoited in 
the lungs of some lats Micioscopicall}^ simple hypeiplasia, hypeikeia- 
tosis and slight papillaiy dovngiowths of the squamous epithelium vere 
found in almost all lats These changes were regaided as benign In 
addition, ovei 50 pei cent of the rats had changes mtei preted as carci- 
nomatous In the first 111 rats leported on, Fibiger found, accoiding to 
his criteria, 19 cases of squamous cell carcinoma, and latei he obseived 
siinilai cases m othei lats The changes in the foiestomach weie 
classified as malignant when the following conditions were present ( 1 ) 
downgrowth of at 3 ^pical and keratinized epithelial cells in abundance, 
aiianged as spheiical masses and homy globes, ( 2 ) infiltrative growths 
of these into the deepei layeis, splitting up mvasively the connective 
tissue of the mucosa and the muscle cells of the musculaiis mucosae and 
also penetiatmg into the supeificial and deeper layeis of the submucosa 
Neither infiltiation of the musculaiis or neighboiing structuies noi 
metastases w'^ei e requii ed for the designation of the tuinoi s as malignant 
As a matter of fact, the muscularis -was not invaded even in those cases 
in wdnch metastases w^ere leported Whether these lepresented actual 
metastases to the abdominal lymph nodes and the lungs is open to serious 
doubt Lymph nodes similar to those believed by Fibiger to have 
metastatic deposits have been observed m the absence of malignant 
growth Lesions in the lungs similai to those regarded as metastases 
have been seen repeatedly in lats without gastric lesions They are 
usually bronchiectatic cavities or metaplastic epithelium 

As Cramer recently pointed out in an excellent review of the sub- 
jeet, Fibiger ’s lesults have rarely been questioned, although many investi- 
gators seriously doubt his interpretation of the lesions as malignant 
In the final anal 3 '’sis, much depends on wdiethei metastases took place 
Fibiger pointed out that the metastases to the 13 '^mph nodes weie only 
micioscopic, but the micioscopic appearance of the so-called metastases 
IS not conclusn e 

Fibigei latei repoited a squamous cell caicinoma m the foie- 
stomach of a mouse 20 to 22 months old which died four hundied and 
twenty-eight days after Spiropteia infection The tumor invoked all 
layers of the stomach and invaded the liver, spleen and diaphiagm 
Numeious metastases were found in the abdomen The metastases 
were successfully transplanted through four geneiations covering a 
period of one yeai, m the cases of 28 of the 55 mice that sunived 
inoculation, and maintained the histologic features of the oiiginal 
gastric tumor Fibiger regarded this as the same type of lesion he 
had observed in rats and emphasized the fact that this mouse lived 
more than four months longer, after Spiroptera infection, than any rat 
and that therefore the advanced characteristics of a malignant tumor 
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had time to dcAclop Passe}, Leese and Knox,^^*’ however, succeeded 
in keeping lats on a complete diet alive foi four hundred and eighty 
days after infection Mith Gong}lonema neoplasticum and obseived only 
slight mucosal changes m the foiestomach This suggests that the 
Spiioptera infection m itself is not sufficient to cause the gastiic lesions 
There is little doubt that the gastiic tumor m the mouse reported by 
Fibigei was a squamous cell caicmoma, foi the musculaiis and neighbor- 
ing oigans \\eie invaded, and transplantation of the metastases was 
successful Fibigei nevei lepoited a similai tumor m a lat, although 
a few similar but not as well established ones were found in mice 

Passey, Leese and Knox recently lepeated Fibiger’s experiments 
As already mentioned, in a gioup of lats on a complete diet infected with 
Gongylonema neoplasticum the mucosal changes in the foi estoinach were 
insignificant In a gioup of rats fed Fibigei ’s diet of white bread and 
vatei some lesions occuiicd m the foiestomach, although they were not 
as seveie as those seen m a snnilai gioup infected with Gongylonema 
neoplasticum No gastric caicmoma, howevei, was found m any lat 
Similai results weie obtained m lats on a diet deficient in vitamin A 
uith added paiasitic infection These investigatois pointed out that 
Brumpt had obseived only 1 gastric carcinoma m 781 wild lats found 
infected Mith Gong}donema neoplasticum and had failed to obtain a 
single caicmoma in 31 laboratoiy rats and 5 white mice expei imentally 
infected with the paiasite 

Bullock and Rohdenbuig^“ believed that the lesions of the foie- 
stomach obseived by Fibiger weie benign and the result of nonspecific 
chronic iiritation They devised many ingenious expei iments to test 
this hypothesis They were unable to duplicate Fibigei ’s lesults exactly 
but pioduced a close resemblance Three types of gastric irritation 
Aveie used (1) mechanical, (2) chemical and (3) a combination of the 
two 

A celluloid ball coveied with pig’s bustles was introduced into the 
lat’s forestomach through a gastiotomy and suspended by a string 
Within a few weeks irregulai polypoid growths were obseived, most 
marked at the site of incision In control expei iments, however, in 
which a simple purse sti mg suture was taken in the stomach wall, with- 
out making an incision, the same changes weie sometimes noted In 
addition such polypoid giowths were seen in some lats that weie not 
operated on When a cork ball with protruding pinpoints, covered with 
celluloid and keratin, was introduced into the stomach thiough a gas- 
trotomy and allowed to lemain free m the gastiic ca-vity, lesions weie 
usually found in the glandular chambei of the stomach and were moie 
severe when the gastiotomy had been in the glandulai poition The 


16 Bullock, F D , and Rohdenburg, G L J Cancer Research 3 227, 1918 
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changes consisted of an inciease in the mucous cells and a complete 
absence oi scat city of the paiietal cells with downgiou ths of glandular 
epithelium foiming cystadenomas and accompanied by \aring degiees of 
inflammation of the gastiic wall It is interesting that in some cases 
osteoid tissue was found m the connective tissue of the stiatum proprium 
When a lubbei sponge impiegnated with scailet led ponder oi pine tai 
was introduced into the stomach, hypeitioph}^ and prohfeiation of the 
squamous epithelium, especially aiound the gastiotomy, took place and 
sometimes penetrated the musculaiis mucosae Similai changes neie 
found aftei scailet led oi pine tai m oil oi ethci had been injected 
dnectly into the stomach wall Although the factoi of a food deficiency 
may have played some lole m these lesults, Bullock and Bohdenbuig 
clearly showed that lesions of the foiestomach resembling those obseived 
by Fibigei could be pioduced in the absence of paiasitcs Furtheimoie, 
the nell illustiated benign cystadenomatous lesions in the glandular 
stomach foim an mstiuctive basis of compaiison with similai Iesion§ 
which have at times been repotted as malignant 

Yokogawa^' repoited the expeiimental pioduction of squamous cell 
carcinoma in the foiestomach of the rat by means of anothei nematode, 
Gongylonema orientale Caicmoma was reported to have developed 
in 3 of 61 white rats aftei at least two bundled days of infection The 
charactei istics of these tumois w^ere in all essential respects similai to 
those obseived by Fibigei The tumois w'^ere papillomatous giowths 
wdiich at their base extended dowm thiough the musculaiis mucosae 
into the submucosa but did not involve the musculaiis Iir'^asmn of 
lymphatic spaces was present The glandular poition of the stomach 
showed some atrophic 'diange but was otherwise not involved Metas- 
tases to the liver and lung were repoited in one of the lats Yokogaw^a 
described these metastases grossly as haid giayish spots containing 
a cheesy material Microscopically, the cavities w'eie lined in pait by 
laminated flat cells Yokogawa lecognized that such lesions w’^ere some- 
times found in rats without cancer but thought the evidence in this 
particular case pointed to metastases A photomici ograph of one such 
lesion leaves some doubt whether this w'^as actually a metastasis 
Yokogawa’s observations are essentially similai to those of Fibiger, and 
their interpretation is open to the same objections 

Bonne reported a squamous cell tumor in the forestomach of a 
wild rat caught in Italy and found infected with a nematode, Hepaticola 
gastrica The tumor was a papilloma the size of a cheriy Micio- 
scopically, the musculans mucosae was penetrated by an epithelial down- 
growth, but the musculans was unmvolved The glandular stomach 
was normal No metastasis was found Evidence that this w'as 

17 Yokogawa, S Gann 18 48, 1925 
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a malignant gl 0 ^^th rests chiefly on the fact that the tumor invaded 
some blood i essels Bonne pointed out the close resemblance to Fibiger’s 
tumois and the piobabihty that the nematode infection of the stomach 
uas casual rathei than coincidental Whethei this repiesented a tiue 
cancel of the foiestomach can be questioned 

Vogel latei expeiimenlally inoculated lats with Hepaticola gastiica 
Although he tailed to obtain infection of old lats, he succeeded in pro- 
ducing infections in 4 }oung ones, in 2 of ^\hlch squamous cell caicinoma 
of the foiestomach ■\\as lepoited to have developed aftei thiee months 
Vogel noted that theie uas consideiable similaiity to the lesions obseived 
by Fibigei iMth the exception of a gieatei tendency towaid epithelial 
downgrovth into the submucosa and a lessei amount of papillomatosis 
into the lumen The musculaiis was not involved, and the glandular 
stomach \\as noimal iSIelastases aie not mentioned Vogel stiessed 
the fact that no paiasites ucie found m the tumois when the animals 
died and legaided this as evidence that a tiue malignant growth was 
present in that aftei the malignant change had taken place it peisisted 
without the piesence of the casual agent Although this is one explana- 
tion it is not by any means the onl} one 

Bonne and Sandground“° recently noted the association of a “gastiic 
adenoma boi dering on mahgnanc}” and a nematode, Nochtia nochti, in 
Jaianese monke}S The adenoma was nevei observed in the absence 
of the paiasite, and whenever the paiasite was found, an adenoma was 
piesent These authois succeeded m inoculating monkeys Mith Nochtia 
nochti and pioducing such tumois expei imentally No metastases were 
obseived, but definite invasion of blood vessels was noted Whethei 
these adenomas can develop into adenocaicmomas lemains an open 
question 

Comment A leview of gastric parasitic infections does not disclose 
conclusive evidence that infection in itself leads to gastiic tumors in 
spontaneously or experimentally infected lats The tumors observed m 
such animals may be due piiinarily to other factois not satisfactoiily 
eliminated in the experiments, such as dietary deficiencies When 
Passey, Lesse and Knox^^^ inoculated lats maintained on a complete 
diet with Spnopteia neoplastica, insignificant gastric mucosal changes 
lesulted It is therefore not surprising that some mvestigatoi s found 
moie seveie gastric lesions in young and growing rats than in old ones 
In the interpretation of reports, due allowance should be made for the 
vaiiation of different species and strains of animals in then reaction to 
the same dietary deficiency or parasite The role of nematode infections 
m the genesis of forestomach lesions in rats seems to be that of aggia- 
vating mucosal changes initiated by other causes, although parasites, 

18 Vogel, H Ztschr f Krebsforsch 29 351, 1929 
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as IS well known, can cause tissue piolifeiation and malignant gi owth in 
othei organs Hoepple,^® in a compiehensive review of parasites and 
tumoi giowth, discussed the vaiious mechanisms by which this may 
occui Bonne and Sandgi ound’s obsei rations indicate, however, that 
in monkeys inoculated with Nochtia nochti gastiic adenomas occui onl} 
in the piesence of paiasitic infection 

Regardless of the exact cause of the gastiic squamous cell tumoi s 
attributed to parasites, it is of mteiest to considei the evidence of the 
malignant nature of these lesions Fibigei’s cleaily stated criteiia of 
malignancy, previously mentioned, will be more fully considered later 
It is, however, geneially accepted at piesent that his ciiteiia are inade- 
quate Whether such changes can be regarded as "piecancerous” mil 
lemam an open question until it is possible to observe more frequent 
tiansition to undoubted mahgnanc}'’ Fibiger leported squamous cell 
tumoi s in a few mice, one of which was supported by practically con- 
clusive evidence of mahgnanc)'' , howevei, m view of the laige number of 
animals used in Fibiger’s work the possibilitj' of spontaneous malignancy 
was not entirely eliminated The causal i elation between gastric 
squamous cell carcinoma, paiasites and other factors that may have been 
unknowingly invoked needs to be demonstiated more regularly to be 
convincing 

Dtetayy Deficiencies — Dietaiy deficiencies may seem unrelated to 
expeiimental gastric caicmoma, but the severe changes in the fore- 
stomach appaiently caused by such deficiencies, particulaily in lats, 
have been reported at times as malignant Furtheimore, because these 
severe changes closely simulate those sometimes mterpieted as carci- 
noma and attiibuted to other causes, a food deficiency should be con- 
sidered as a possible factoi in some of the leports of expeiimental gastric 
cai cinoma 

Pappenheimer and Laiimore,-*’" in 1923, weie the fiist to call atten- 
tion to the possible i elation of forestomach lesions in rats to a dietary 
deficienc)'’ Their pieliminary evidence suggested that vitamin A 
deficiency might be the cause Furthei study,^®*’ however, revealed that 
the lesions were piesent when sufficient ultiaviolet radiation was given 
to pi event rickets The lesions weie uncommon in rats on a complete 
diet, and when present, were mild When lats were placed on a diet 
known to bring about the forestomach lesions, neither the addition of 
cod liver oil or of Osborne and Wakeman’s yeast extiact or changes in 
the mineral content of the diet prevented them Pappenheimer and 
Lanmore concluded that a food deficiency was a factoi in the appearance 

19 Hoepple, R Chinese M } 47 107S, 1933 

20 Pappenheimer, A M , and Lanmore, L D (a) Proc Soc Exper 
Biol &Med 21 141, 1923-1924, (b) J Exper Med 40 719 1924 
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ot the gastiic lesions but weie unable to deteimine what element of diet 
was lacking They obseived that lats on a deficient diet often had hair 
in then stomachs and suggested that this haii might aggravate the lesions 
Of 6 lats fed a complete diet mixed with ground-up hair, 2 were found 
to have benign changes of the foi estomach and ulcers, with haii embedded 
in the stomach in such positions as to indicate that it was a factor in the 
pioduction of the ulceis The lesions obseived by Pappenheimer and 
Larimoie weie limited to the foi estomach, usually to an aiea near the 
elevated iidge sepaiatmg the foi estomach fiom the glandular stomach, 
and consisted essentially of papillomatosis The changes weie considered 
benign 

Wolbach and Howe-^ in 1925 lepoited change caused by vitamin A 
deficiency in rats They took piecautions to prevent any deficiency other 
than 1 itaniin A by forced feeding whenever necessary, particularly after 
anorexia and impaiiment of the sense of smell developed No significant 
gastiic lesion was obseived m spite of extensive changes in other cover- 
ing epitheliums Wolbach and Howe found laige bronchiectatic cavities 
in many of the lats, which were often considered the immediate cause 
of death Although tissue changes m the stomach were not found, the 
alteiation m the coveiing epithelium caused by vitamin A deficiency is 
worth noting “Giowth activity of the epithelium is not diminished, on 
the contiary, theie is convincing evidence that it is gieatly augmented 
In a few of our animals, the behavioi of the replacing epithelium in 
respect to numbeis of mitotic figures and response on the part of con- 
nective tissue and blood vessels suggests the acquisition of neoplastic 
properties ” Because of the thoroughness of this woik, the observations 
in relation to the stomach and lungs seem particulaily significant It 
has been suggested that the so-called metastases to the lungs in rats 
with gastric tumors weie sometimes bronchiectatic cavities That such 
cavities do appear in rats without any pathologic changes in the stomach 
was clearly shown by Wolbach and Howe and has been lepeatedly con- 
firmed by others 

Fujimaki in 1926 obseived seveie papillomatosis of the foie- 
stomach in young rats on a vitamin A-deficient diet The lesions weie 
believed to be malignant One of 5 rats with the most severe gastric 
papillomatosis was reported to have metastatic nodules in the lung 
One of these metastases is illustrated The gastric lesions consisted 
essentially of hyperkeratosis and downgrowth of atypical epithelium with 
penetration of the muscularis mucosae The museularis was not invaded 
The glandular stomach was normal An accompanying editorial note 

21 Wolbach, S B , and Howe, PR J Exper Med 42 753, 1925 

22 (c) Fujimaki, Y J Cancer Research 10 469, 1926, (&) Gann 21 8, 
1927 (c) Fujimaki, Y , Anmoto, K , Kimura, T , Ohba, K, and Matsuda, G 
Tr Jap Path Soc 21 708, 1931 
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states that micioscopic examination of Fujimaki’s slides, fioni which the 
photoiniciogiaphs w^eie prepaied, left some doubt as to the malignant 
natuie of the changes--'' In a moie lecent publication Fujimaki and 
co-w orkei s --“ ofteied evidence to show that vaiious fatty acids and 
lipoids in the diet aie factois m the appeal ance of atypical epithelial 
prohfeiation of the foiestomach in lats and that vitamin A (buttei) 
does not pi event it 

Crainei ’s expei iinents with vitamin A-deficient i ats ai e w orthy 
of note foi two reasons First, the severe papillomatosis of the fore- 
stomach was considered benign, and, second, two expei iinents done ten 
3 '^eais apait, with appaiently identical methods except that difteient 
stiains of lats weie used, show^ed a staitling dilTeience in lesults 
Ciainei stated that if the earlier sections of the stomach had not been 
aA^ailable foi i eexaminatioii he himself could hardly have belle^ed that 
the benign papillomatosis, as marked as that observed by Fibigei could 
haAe been so scA^eie in the first experiment and so mild m the second 
He has no explanation to ofter except that dififeient strains of lats leact 
in A^ai 3 ung degiees to Autamin A deficienc 3 '’ or that the papillomatosis of 
the foiestomach may be due to a viius the action of which is enhanced in 
lats on a deficient diet 

Hoelzel and Da Costa ofifeied a h 3 'pothesis of the genesis of the 
foiestomach lesions in rats obsened b 3 '- them without postulating ain 
specific food deficiency They found that rats on a low pi otein diet wdien 
fed alternately for two days and starved for tw'o days had ulcers of the 
forestomach aftei two weeks These authois stiessed the piesence of 
the ulceis, although some papillomatosis apparently also was piesent 
The simplest method of pioducing such lesions was found to be staiva- 
tion Inanition alone, hoAvever, did not cause the ulcers to peisist, as 
showm by the fact that they healed readily on a bran diet wduch had no 
caloric value Ulcers also developed in lats on a biead diet The inci- 
dence of the ulcers decreased when 15 to 30 pei cent calcium caibonate 
w^as added to the biead Ingestion of haii seemed to cause ulceration 
only wdien this interfered AVith a normal intake of food Then observa- 
tions led them to conclude that the acid-combining piopeities of the food 
largely determined the amount of ulceiation and that the acid gastric 
juice probabl 3 '^ acted as an iriitant in the mannei showm by Bullock 
and Rohdenburg by artificial irntation 

Rats fed a high fat, low protein diet by Hoelzel and Da Costa Avei e 
found to have a particularly prominent overgiowth of the mucosa of the 
foiestomach This obseivation is similai to that of Fujimaki and 
co-wmikeis,--'= who found that an increase in papillomatosis lesulted in 

23 Hoelzel, F, and Da Costa, E Proc Soc Exper Biol & Med (a) 29 
382, 1931 , H) 29 385, 1932 
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lats fed vaiioLis fatty acids and lipoids Because these lesions lesembled 
those pieviously leported by some mvestigatoi s as malignant, Hoelzel 
and Da Costa made a study of the moiphologic changes and found that 
giossh’’ they consisted of nodulai piominences on the outei suiface of 
the stomach with ulceiation and oveigiowth of the mucosa Micio- 
scopicall} , the laigest nodules weie found to be epithelial cysts, geneially 
located at the limiting ndge Othei nodules consisted of coinified 
globulai masses In most cases continuity with the noimal epithelial 
layei could be demonstiated Although theie was a downwaid giowth 
of the epithelium, the musculaiis Avas ncA^ei invaded Obsenations on 
7 lats which were fed alternately m a manner that produced ulceis and 
nodules in contiol rats and which then veie gn'^en a complete diet 
indicated that these lathei seveie changes weie leveisible The ulceis 
disappeaied fastei than the nodules oi epithelial cysts, but even these 
seemed to disappear eventually Hoelzel and Da Costa concluded that 
the lesions weie not malignant It is unknown wdiethei they Avould have 
become malignant in a moie prolonged expeiiment 

Harde lepoited a squamous cell carcinoma in the foiestomach of a 
mouse fed a deficient diet for seven months Because of a paiatyphoid 
infection at the end of this time, a complete diet was given and continued 
until the mouse died seven months latei A squamous cell tumoi, 1 by 
2 cm , was found in the foi estomach, Avhich infilti ated all layers of the 
gastiic wall and invaded the hvei In addition there was adenomatosis 
of the glandulai stomach, which infiltiated the submucosa Whethei 
metastases weie present is not knowm Theie is no illustration Harde 
made no attempt to coi relate the expeiimental pioceduie with the 
appeal ance of the caicinoma since this was the only cancel in ovei 
600 mice 

Findlay-® in 1928 lepoited lesions in lats due to vitamin B^ and 
vitamin Bg deficiency He found papillomatosis, consisting of thick 
layers of squamous cells with exfoliation of the keratin layei, in the 
foiestomach of every rat fed a diet deficient in vitamin B, The epi- 
thelium formed papillary piojections into the lumen, and bluntei 
piocesses extended downwaid as fai as the muscularis mucosae Theie 
weie numerous mitotic figuies Ulceration of the supeificial layei s of 
the mucosa was piesent No evidence of malignancy was found Such 
gastiic changes were never present in lats on vitamin B^ deficiency only 
Findlay agreed with Pappenheimei and Laiimoie that the ingestion of 
hail might afford a plausible explanation of the lesions, since vitamin 
Bo-deficient lats shed large amounts, which inevitably contaminated the 
diet Among other lesions found in vitamin Bo-deficient lats Findla}'- 

24 Harde, E Compt rend Soc de biol 110 245, 1932 

25 Findlav, G H J Path & Bact 31 353, 1928 
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reported profound changes in the squamous epithelium of the skin, con- 
sisting of active mitosis in the cells of the stiatum gianulosum, while the 
whole piocess of keiatinization was excessively active All the changes 
aie well illustiated 

Shaipless”®" obseived lesions developing in the foiestomachs of rats 
within thiee months aftei the}'' weie placed on a low casein diet These 
lesions were described essentially as thickening of the epithelial iidges 
w'lth papillomatosis, hypei keratosis and ulceration of the mucosa, most 
marked along the limiting iidge No metastases w'eie observed 

In a latei lepoit Shai pless desciibed hypci plastic changes of the 
forestomach in all of the 125 lats fed a low casein diet and no such lesion 
in 200 control rats on a complete diet This stock of lats has shown no 
spontaneous malignant tumoi in ovei foui years Control rats fed the 
same diet with the addition of 12 pei cent vitamin-free casein or 0 2 pei 
cent cystine show ed no lesions When given a low casein diet w ith the 
addition of 10 pei cent gelatin, to approximate the physical pioperties 
of a diet wuthout a protein deficienc}, the lesions appealed as though a 
low casein diet only had been fed The papillomatosis in some instances 
almost occluded the lumen In cases of long standing, spurs of aljpical, 
keiatmizing epithelium cometimes penetiated the muscularis mucosae 
extending into the subniucosa, and pioliferated, forming cysts Active 
invasion of the musculaiis w'as leported in some lats As mani as 
eighteen mitotic figures weie obseived in one high pow'ei field No 
metastases w'ere found One of seveial photomiciographs has a legend 
suggesting a malignant process Sharpless legaided some of these 
lesions as malignant , how'ever, the evidence has been considei ed 
inadequate 

Howes and Viviei "" leview'ed the relation of diet to the occurience 
of gastnc lesions m rats and the inteipietation of these changes In 
then own w'oik the)’- found that wdiole yeast pi evented the foiestomach 
lesions when added to the diet used by Pappenheimei and Laiimore to 
pioduce them, wheieas the addition of Osborne and Wakeman’s yeast 
extiact, vitamm-free casein, cod livei oil oi other fomis of vitamin A 
was of no protective value The gastiic changes obseived when whole 
yeast was not added to the diet were essentially hypei plasia, hypei - 
keratinization and ulceration of the squamous epithelium in the foie- 
stomach, with hypertrophy of the limiting i idge Similar lesions without 
keiatinization were found in the glandulai stomach Mitotic figures 
were numerous The muscularis mucosae was thinned but intact Haii 
was found in the stomachs of only 2 rats and therefore was not legaided 

26 Sharpless, G R (a) Proc Soc Exper Biol & Med 34 684, 1936, 

(6) Ann Surg 106 562, 1937, (r) abstracted, Am J Cancer 37 457, 1939 

27 Howes, E L , and Vivier, P J Am J Path 12 689, 1936 
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as the pi unary cause of the lesions Pappenheiniei and Laiimoie’s 
iailuie to pi event the lesions with Osborne and Wakeman’s yeast extiact 
was legal dec! as due to the lack of something which is piesent m whole 
}east Their explanation of the appaiently conflicting views of the lole 
of vitamin A deficiency was that Wolbach and Howe had pieviously 
observed no gastiic lesions in lats on a diet deficient only in vitamin A 
Since anorexia is a prominent symptom in vitamin A deficiency, secon- 
daiy deficiencies aie likely to develop Howes and Viviei believed these 
secondary deficiencies to be a factoi in the appearance of the lesions 
Comment A review of the gastric lesions present in animals on 
\arious deficient diets, particularly those in the forestomachs of rats, 
does not disclose sufficient evidence to wan ant the conclusion that they 
aie definitely malignant Theie is a striking similarity between the 
foiestomach changes m lats on deficient diets and those obseived m rats 
with nematode infections This resemblance is so close that it has been 
suggested a dietary deficienc}'^ is the primary cause of the parasitic 
tumois Whether a specific deficiency is lesponsible for the lesions is 
still a controversial matter Cramei suggested a possible mechanism 
by which dietary deficiencies may lead to papillomatosis of the foie- 
stomach He reviewed the conflicting evidence of its cause appearing 
111 the literature and the highly inconsistent results in his own expeii- 
ments, previously mentioned Although different strains of animals 
vary in their reaction to the same deficiency, this may not adequately 
account foi all obseivations The fact that some cutaneous papillomas 
can be tiansmitted by means of a virus led Ciamer to speculate that the 
pi unary cause of papillomatosis of the forestomach may possibly be a 
viius whose action is enhanced m lats fed a deficient diet This 
hypothesis in one form oi another has been previously suggested by 
others, but Cramer’s expeiiments aie an example of its possibility and 
might explain, among othei things, the suspected occasional endemic 
occurrence of forestomach papillomatosis in lats 

Lesions of the glandular stomach have been observed in lats on 
deficient diets but much less commonly than those of the forestomach, 
and they have not been regarded as malignant 

A question of prime importance in relation to gasti ic lesions i esulting 
from dietary deficiencies of one sort oi anothei is that of the leversibihty 
of the changes This possibility has not been satisfactorily eliminated in 
the more severe lesions sometimes legaided as malignant It seems 
essential to determine whether the gasti ic changes will persist and 
progress invasively aftei the resumption of a complete diet The evi- 
dence presented by Hoelzel and Da Costa indicates that the lesions 
they observed, possibly not as seveie but appaiently of the same type 
as those sometimes simulating malignant giowth, are reversible 
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Cm cwogemc Agents — 1 Tai With the advent of tai as a cai- 
cmogenic agent, attention was diiected piiinaiily to experimental tumois 
in oigans or tissues othei than the stomach, although some attempts to 
produce gastric caicmoma with tai have been lepoitcd Tsliibashi and 
Ohtani found definite adenomas, not legaided as malignant, fifty da}s 
after the injection of tar into the submucosa of the stomach in labbits 

Buschke and Langer noted foiestomach lesions m 50 of 54 rats 
after rectal injections of tar once to twice a w^eek foi foui to six months 
The animals were 3 to 5 months old at the beginning of the experi- 
ment The fiist lectal injection led to lathei seveie geneial leactions 
although subsequent injections w^ere well toleiated foi the next two to 
thiee months, and then theie was a progiessive decline in geneial health 
The animals w'^ere allowed to die spontaneously The lesions wcie 
limited to the foiestomach and w^eie usually neai the iidge separating 
It from the glandulai chambei The rectum, glandular stomach and 
intestine show^ed no significant changes An excellent desciiption and 
photogiaphs of the lesions beai out the close lesemblance, as pointed 
out by the authors, to those noted by Fibigei The changes consisted 
essentially of ulceiation, hypeikeiatosis and papillomatosis of the mucosa 
wnth a dowmgiowdh of the epithelium, sometimes extending thiough the 
musculans mucosae into the submucosa and pait of the musculaiis but 
nevei thiough the seiosa Mitotic figuies weie common The caieful 
pathologic analysis of the lesions is notew'orth) Although some legional 
lymph nodes weie enlaiged, no metastatic tissue w'as found micro- 
scopicall)^ nor weie metastases found elsewheie Nests of epithelium 
sometimes appeared to be isolated, but a connection wnth the surface 
epithelium was found This w^as not ahvays obvious, and the authois 
pointed out that the connection might easily have been ovei looked m 
some sections In addition, the epithelial dow ngi ow'^ths did not seem 
to infiltiate the deepei stuictuies but rathei to push thiough them, 
even to the extent of giving the external suiface of the stomach a nodulai 
appearance In view of these obseiwations the lesions w^eie not con- 
sidered malignant, although the possibihtj’’ that in time a malignant 
change might have occuried was discussed The i elation of the lectal 
injections of tar to the lesions of the forestomach is of consideiable 
mteiest Buschke and Langer considered but dismissed the possibiht) 
that some tar was swallowed No gastric parasites were found Thee 
felt the changes weie due to the geneial effect of absoibed tai In 
retrospect it may be questioned wdiethei the tai had any specific effect 
The animals were allow’^ed to die spontaneously and w^eie leported to 
have been in a poor nutritional state foi some time befoie death Pie- 

28 Ishibashi, M , and Ohtani, S Gann 15 2, 1921 

29 Buschke, A , and Langer, E Ztschr f Krebsforsch 21 1, 1923 



KLEIN-PALMER— GASTRIC CARCINOMA 


829 


sumably theie was anoiexia with consequent inadequate intake of food 
and dietary deficiencies such as have been found to lead to similar 
alterations m the stomach 

Bonne, m an excellent papei dealing in pait with gastric lesions 
m tarred animals, found benign papillomas m the forestomachs of a few 
mice Bonne thought these weie probably caused by swallowed tar 
When tar was applied to the mouths of 50 mice, the incidence of 
papillomas definitely increased, and 1 mouse A\as leported to have 
had a squamous cell carcinoma of the foiestomach Tar had been applied 
oially twice a week for thiity-thiee weeks and then discontinued At 
the time of death, one year after tairing was staited, this mouse had a 
carcinoma of the lowei lip and buccal mucosa in addition to the gastric 
tumor, which penetiated the muscularis mucosae and infiltrated almost 
to the serosa No metastasis was found No further desciiption or 
* illustration of this tumor is given No malignant gastric lesion was 
found in 20 lats lepeatedl}' tarred b}'^ moutb A papilloma in the fore- 
stomach of 1 lat and some benign changes m the glandular stomach 
of another weie regaided as spontaneous, since similar lesions had been 
observed in untaiied lats A thud rat tarred by mouth twice a week 
for twenty weeks was found to have bionchopneumonia and two grossly 
visible white nodules m the lung Micioscopic examination disclosed a 
large keiatinized mass in the penphery of the lung Squamous epi- 
thelium was recognizable at the borders of this mass, v Inch was nowhere 
seen to be related to a bronchus The remamdei of the lung could not 
be examined for fuithei squamous cell metaplasia This finding is 
interesting, since no squamous cell tumor was found elsewhere to suggest 
a metastatic lesion in the lung A photomici ograph beautifully illus- 
trates the keiatinized pulmonaiy mass 

Voionoff and Alexandiescu fed 10 white rats a mixture of tar, 
hydrous wool fat, aniline oil and toluylenediamine three to foui times a 
week A peritoneal sarcoma and an adenocarcinoma of the prepyloric 
poition of the stomach weie leported in a lat dying six months later 
The latter tumor is described as infiltrating all layeis of the stomach, 
with metastases to the livei and letropyloiic lymph nodes Drawings 
of the microscopic appeal ance of this lesion show the supeificial gastric 
mucosa, not including the muscularis mucosae nor the deeper layers of 
the stomach Some mucosal ulceration and various alteiations of the 
glandular structure are evident, but the drawings aie not clear enough 
to permit an objective interpretation There is no illustration of a 
metastasis Ihis work apparently has not been repeated by the same 
oi othei investigators 

30 Voronoff, S , and Alexandrescu, G Neoplasmes 8 129, 1929 



830 


ARCHIVES OF PATHOLOGY 


Tani noted maiked papillomatosis of the foiestomach in a few rats 
given tar oiall}'- The changes v eie severe enough to suggest a malignant 
process Injections of tai into the gastiic wall weie found to be less 
effective Microscopic studies \veie not found in the repoits aA^ailable 

Twmit and Twoit^-" m a detailed lepoit of lesions found m 60,000 
tailed mice, state that \vhile they weie not primaiily interested in the 
ahmentaiy tiacts of then animals and hence may have o\erlooked some 
gastiic lesions, they noted occasional papillomas of the foiestomach, 
more frequently m those mice painted with tai for many weeks than 
in those painted foi only a short time One mouse had a pronounced 
benign adenomatous oi hypei plastic condition of the glandulai portion 
of the stomach It W'^as, of com se, impossible to say w hethei 1 glandular 
lesion m 60 000 mice was casually i elated to the tarring or to the 
sw^allow'ed tar The} found no gastric caicmoma m any of the 60,000 
mice 

Meicier and Gosselin injected coal tar m olne oil intiaperitoneally 
into a mouse, wdiich died foui months later A tumoi the size of a 
large pea was found in the forestomach near the limiting ridge It is 
bnefly desciibed as mfiltiating the musculatuie The tumoi was con- 
sideied malignant and was regaided as the lesult of irritation by 
swallow'^ed hair contaminated with tar lathei than of the intrapentoneal 
injection of coal tar m oil It is not cleai wlietlier mctastases w'ere 
present Theie is no illustiation 

Reinhard and Candee fed mice 10 mg ot coal tai in butter once a 
week for seven months and obsei ved no gastric tumors 

2 Carcinogenic Chemicals With the isolation and synthesis of a 
carcinogenic constituent of tar and the preparation of many othei car- 
cinogenic agents, it became possible to feed animals single chemical 
compounds of known carcinogenic potency foi some tissues and organs 
In the meantime the carcinogenic properties of some other substances 
w^ere recognized oi suspected Some of these have been used in attempts 
to induce gastiic carcinoma in animals, usually by feeding, although other 
methods have been employed as well 

(a) Diammoazobenzene Otsuka in 1935 noted papillomatosis of 
the forestomach in mice fed diammoazobenzene m olive oil daily A 
closely related compound, dimethylammoazobenzene, has been used in 

31 Tam, I Tr Jap Path Soc 21 715, 1931 

32 (c) Twort, J M , and Twort, C C J Path & Pact 35 219, 1932 
(&) Twort, C C, and Bottomlej^ A C Lancet 2 776, 1932 

33 Mercier, L , and Gosselin, L Compt rend Soc de biol 113 669, 1933 

33a Reinhard, M C, and Candee, C F Am J Cancer 26 552, 1936 

34 Otsuka, I Gann 29 209, 1935 
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the expel imental production of caiciiioma of the hvei in lats but causes 
no malignant lesion in the stomach (Kinosita®°) Diammoazobenzene, 
on the othei hand, has little effect on the livei Otsuka observed papil- 
lomatosis as eaily as fifty-nine days aftei diammoazobenzene was fed 
and found that it was piesent m all, mice suiwiving thiee hundred and 
seven days oi more Theie was no invasion of the muscularis and 
no metastasis The changes weie consideied benign The glandular 
stomach was not involved 

(b) 1,2,5,6-Dibenzanthiacene Reports of gastiic lesions follow- 
ing administration of 1,2.5,6-dibenzanthiacene aie uncommon 

Fell} and Leonard®® leported that caicmoma of the stomach devel- 
oped in some mice painted twice a week with 0 3 per cent 1, 2,5,6- 
dibenzanthiacene m benzene In mice painted with theehn m addition 
to dibenzanthiacene more tumois developed, but it is not stated whether 
this included gastiic tumois It is not clear how long the mice with 
gastric tumois had been painted Theie is no fuither desciiption No 
mention is made of the type of neoplasm — squamous or glandular 
There is no illustiation of a gastiic tumor 

Remhard and Candee fed mice 0 02 pei cent dibenzanthracene in 
butter foi seven months without obtaining gastric or other tumors 

Ilfield,®’’ using Shear’s method of incorpoiatmg carcinogenic hydio- 
carbons in cholesterol pellets, implanted 5 pei cent dibenzanthracene 
pellets m the wall of the stomach of a dog No tumor was found after 
one year Similar pellets placed undei the gastric seiosa of ferrets 
did not cause a tumoi at the time of report, four months later 

Cook and co-workers repoited that no carcinoma of the alimentary 
tract resulted from feeding dibenzanthracene m laid foi an unspecified 
length of time to mice and rats 

Branch painted the skin of mice twice a week with 0 5 per cent 
dibenzanthracene in benzene and noted considerable licking of the painted 
areas with the resultant ingestion of dibenzanthiacene, but no tumoi of 
the gastrointestinal tract was found in any mouse 

Van Prohaska, Brunschwig and Wilson failed to obtain gastric 
lesions in white mice by feeding dibenzanthracene m lard three times 
a week for six months 

35 Kinosita, R Tr Jap Path Soc 27 665, 1937 

36 Perry, I , and Leonard, G L Am J Cancer 29 680, 1937 

37 Ilfield, F W Am J Cancer 26 743, 1936 

38 Cook, J W , Haslewood, GAD, Hewitt, C L , Hieger, I , Kennawaj, 
E L , and Mayneord, W V Am J Cancer 29 219, 1937 

39 Branch, C F Am J Cancer 26 110, 1936 

40 Van Prohaska, J , Brunschwig, A, and Wilson, H Arch Sure 38 328 
1939 
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Fieser/^ m a compi ehensn e review of the lelative carcinogenic 
pioperties of vaiious polynucleai aiomatic hydrocarbons, found that 
1,2,5,6-dibenzanthracene usually requnes a longei time to induce skin 
and subcutaneous tumois in mice and lats than some of the others The 
possibility that gastiic lesions might lesult m animals fed dibenzan- 
thracene for longei peiiods is theiefoie not entiiel) excluded 

(c) Cholesteiol Compounds Roffo repotted the experimental 
production of adenocarcinoma of the stomach m lats All rats weie 3 
months old at the beginning of the expeiiment and vere maintained on 
a diet of biead and milk foi sixteen to twenty-six months thereafter 
A contiol gioup of lats fed this diet oi bread, milk and unirradiated 
cholesteiol showed no gastiic lesions similai to those obseived when 
various additions to the diet weie made The dailj additions consisted 
of 100 mg of foity-eight houi ultianolet-ii radiated cholesteiol, heated 
cholesteiol, sun-tieated oi ultiaviolet-ii radiated egg yolk One gioup 
was fed ultiaviolet-iriadiated biead and milk In all, 600 rats weie 
used in these expeiiments A typical illustiation is given in each gioup, 
but It is not clear how many lats showed the gastiic changes desciibed 
Rofto found the most common lesion to be ulceiation m vaiious forms 
and degrees in the glandulai stomach and foiestomach The lesions in 
the glandulai stomach aie w'ell illustiated Some weie legarded as 
ulcers in which caicmomatous degeneiation had taken place 

In a more recent publication Roffo leported the lesults of feeding 
lats various animal fats (beef, poik oi lamb) oi olne oil heated to 
350 C for a half houi This procedure is lepoited to have changed the 
cholesterol to oxycholesteiin, which w^as found to have a fluorescence 
spectrum similai to some of the caicinogenic hydiocarbons In othei 
lespects the experimental method w'^as identical to that of the pievious 
experiment Malignant lesions of the stomach, hvei and lung aie 
described Lesions of the glandulai stomach fai outnumbeied all othei s, 
and the discussion will be limited to these The gross findings in 200 
lats are tabulated and show that over one third had some gastiic lesion, 
most commonly multiple ulceis of the glandulai stomach In some rats 
gastric tumors (or polyposis) w’’eie piesent Histologically, in addition 
to the ulcers, hyperplasia of the gastiic mucosa, epithelial cysts (c}st- 
adenomas) and atypical glandulai epithelium were desciibed, and in some 
instances destiuction of paits of the muscularis mucosae and of the 
muscularis was present These changes aie well shown in numerous 
photographs of gross specimens and in photoniiciogiaphs Some of 
the moie advanced lesions were regaided as adenocaicinomas 

41 Fieser, L F Am J Cancer 34 37, 1938 

42 Roffo, A H (a) Ztschr f Krebsforsch 47 473, 1938, (^b) Bull Assoc 
frang p I’etude du cancer 28 556, 1939, (c) Bol Inst de med evper para el 
estud y trat d cancer 15 407, 1938 
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Roffo used a total of 1,600 rats m cholesterol feeding experiments of 
one type or anothei The numbei of lesions legarded as caicinomatous 
degeneration of tilceis or adenocaicinomas is not entirely clear, but 
certainly there were quite a few, and control experiments eliminated 
the possibility that these were coincidental On the basis of the changes 
shown in the photomicrogiaphs, the question may be seriously raised 
as to whethei these lesions were leally malignant Aside from the 
profound changes m the glandular epithelium, some of the strongest 
evidence m favor of malignancy is found m the fact that m some 
cases the musculans was destroyed in places by a downgrowth of 
atypical glandular tissue, cystadenomatous in form The question 
arises whether a process limited in all cases by the gastric serosa 
can be consideied malignant In the absence of any mention of a 
metastasis from a gastiic lesion oi of an instance of invasion of a neigh- 
boiing structuie or organ, the evidence for malignancy is not entirely 
convincing In this connection it is interesting to compare the photo- 
micrographs of lesions regarded as adenocaicinomas by Roffo with 
the less severe but similar changes observed by Bullock and Robden- 
burg^® m rats aftei introducing into the stomachs cork balls with 
pi oti udmg pinpoints 

Waterman^® fed tailed mice cholesterol oleate twice a week The 
mortality was high Forty mice survived sixty days or more Twelve 
of these had benign forestomach papillomas, and 3 had what was inter- 
preted as squamous cell carcinoma of the forestomach The latter were 
found m mice that succumbed ninety-three, two hundred and forty-eight 
and two hundred and forty-eight days, respectively, after the feeding 
of cholesterol oleate No further description is given Metastases are 
not mentioned, presumably there were none A low power photo- 
micrograph illustrating a carcinoma shows a papilloma near the limiting 
ridge No invasion of the musculans can be seen On the basis of this 
illustration it is difficult to diffeientiate the lesion from previously 
described benign papillomas Waterman m another experiment fed 6 
untarred mice cholestei ol oleate three times a week After three hundred 
and eighteen days he found a malignant papilloma in the forestomach and 
a fibrosarcoma m the neck of the stomach in 1 mouse Another had a 
squamous cell carcinoma of the forestomach after four hundred and 
forty-one days A third mouse had polypoid growths in the glandular 
stomach showing many mitoses after three hundred and sixty days No 
metastases aie mentioned, and no description of the lesions aie given, 
although photographs of the gross and microscopic appearance accom- 
pany the report These photogiaphs are in no way convincing A 
fourth mouse after four hundred and forty-one days was found to have 


43 Waterman, N Acta cancrol 2 375, 1936 
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a lesion regaided by Wateiman as an eaily adenocaicmoma of the 
stomach without a metastasis This is a most mteiestmg interpretation 
A description and illiistiations of the lesion aie given It appeals to lie 
along the limiting iidge, depiessed in i elation to the surrounding mucosa, 
and might easily be ovei looked on gross examination The musculans 
mucosae is not distinct Theie is no invasion of the musculans A 
higher power photomiciogiaph taken from an unspecified part of the 
mucosa shows an acinai aiiangement of apparently single layeis of cells 
The desciiption and illustiations indicate there was some alteiation in a 
small part of the glandulai mucosa That this lepresented a malignant 
change is, howevei, a mattei of opinion not well supported by the 
evidence 

(</) 3,4-Benzp3nene Obeiling, Sannie, Guerin and Gueim fed 
20 mice 3,4-benzpyrene in lard once a week Sixteen mice succumbed 
at the end of six months One of these showed benign h}perplasia of 
the forestomach mucosa None of the otheis had any appreciable gastric 
changes Of 20 rats fed benzp}rene in laid, 10 died within seven 
months None of these had any significant gastric lesion The other 
10 rats appeared m good health at the time of the leport 

Ilfield obtained negative lesults (at foui months) by implanting 
5 per cent benzpyrene m cholesterol pellets undei the gastiic serosa 
of ferrets 

Waterman fed 6 mice 04 pei cent 3,4-benzp} lene in lard daily foi 
periods ranging from one hundred and twelve to thiee hundred and 
thirty-six days When benzpyiene was given in watery colloidal solu- 
tion, no gastric lesions weie obseived With laid as the solvent, how- 
ever, 5 mice had foiestomach tumors that were regarded as squamous 
cell carcinoma Metastases to the portal glands, pei itoneum, liver, spleen 
or lungs were leported in 4 of these animals, but the several photographs 
of the lesions, including one of a leported metastatic nodule m the liver, 
are not convincing, and no micioscopic desciiption of the pi unary oi 
metastatic lesions is given 

Rusch, Baumann and Maison'^® leported a low giade adenocar- 
cinoma of the stomach in 1 of 5 rats fifteen months after injection of 
3,4-benzpyrene into the submucosa of the pi lone area A tumoi , 1 , by 
1 cm, which had invaded the musculans was found There weie no 
metastases No further description oi illustiation is given A myoma 
and a spindle cell saicoina were found in 2 of the other lats 

44 Oberling, C , Sannie, C , Guerin, M , and Guerin, P Bull Assoc frang 
p I’etude du cancer 25 156, 1936 

45 Rusch, H P , Baumann, C A , and Maison, G L Arch Path 29 
8, 1940 
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(e) Metliylcholanthrene Van Piohaska, Bxunschwig and Wilson 
gave 15 mice 2 minims (0 12 cc ) of a 1 per cent solution of methyl- 
cholanthrene in olive oil orally thiee times a week Eight mice survived 
for six months and were killed when they appeared weak and emaciated 
Two of these had benign squamous cell papilloma of the forestomach 
at the end of one bundled and sixty-four and one hundred and seventy- 
five days, respectively Foui of the others had squamous cell carcinoma 
of the buccal mucosa or of the skin about the mouth Vdien a 1 per cent 
solution of methylcholanthi ene in lard was injected into the mouths of 
33 mice every other day for four months, no benign oi malignant gastric 
lesion was found One mouse had a squamous cell carcinoma of the 
angle of the mouth aftei sixty-seven days and another a hypopharyngeal 
squamous cell caicmoma after one hundred and forty days These 
authors pointed out the close relationship of metliylcholanthrene to the 
bile acids which noimally bathe a large portion of the gastrointestinal 
tract They conclude, howevei, that meth} Icholanthrene administered 
orally does not have a marked caicinogenic effect on the ahmentaiy 
canal even m the uppei portion lined by squamous epithelium They 
suggest that certain mechanical factors may explain this in part, in 
addition to an appaient high degree of resistance of the epithelium of 
the stomach and intestine On cutaneous application and subcutaneous 
injection of carcinogens, piolonged contact with the cells is possible, 
whereas m the alimentar) canal the mucosa is constantly washed by 
various fluids and is, moreovei, coveied and perhaps piotected by a 
layer of mucus 

Necheles injected 250 mg of methylcholanthi ene into the sub- 
mucosa of the anterior wall of the stomach near the proximal border 
of the antrum in a dog Three gastric biopsies taken in the region of 
the injection over a period of nine months have shown an inflammatory 
reaction but no evidence of malignant change The experiment is still 
in progress 

Stewart i eported squamous papilloma of the stomach m 4 and 
squamous cell carcinoma of the stomach m 4 of 30 strain A male mice 
which when 3 months old received injections of a solution of methyl- 
cholanthrene m mmeial oil into the anterior wall of either the glandular 
stomach or the forestomach All the tumors weie foiestomach lesions 
and are excellently desciibed and illustiated The four caicinomas 
were visible, one was adheient to the hvei They were located m the 
anteiior wall except one, which was some little distance from the point 
of injection, at the posterior inferior margin of the foiestomach Micro- 
scopically, the infiltrating epithelium invaded all layers of the stomach 
and was composed of basal cells, prickle cells and flat squamous cells, 

46 Necheles, H Personal communication to the authors 
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atypical in size, shape and staining Theie were numerous mitotic 
figures In one tumoi theie weie nests of epithelium within thm- 
walled vessels, eithei lymph vessels oi blood vessels, between the two 
muscle layeis of the stomach In the case in which the abscessed liver 
was adherent to the wall of the stomach opposite the tumor, masses of 
keiatin weie observed within the abscess In 2 cases small nodules 
composed of tumoi cells w^eie adherent to the external surface of the 
peritoneum One tumoi \vas successful^ transplanted to 4 of 6 strain A 
mice, which had laige tumoi s at the sites of inoculation after three 
w’^eeks Tiansplants of these in tmn weie successful in 2 of 6 mice, 
which had laige tumoi s after one month The tumoi s developing from 
the transplants weie identical in morphologic characteristics to the 
original tumoi of the stomach In the literature on successfully induced 
squamous cell caicinoma of the stomach, this is one of the few reports 
accompanied b}'- cleai pathologic descriptions, sufficient relc\ant details, 
and photomicrographs to sho'w the significant changes 

Steivart has indirectly raised several points of interest Invasion 
of the muscLilaiis w^as taken as the criteiion to differentiate carcinoma 
from papilloma The absence of such in\asion has usually been regarded 
as one of the chief objections to classifying ceitam experimental gastric 
lesions as malignant Stew'ait has illustrated such invasion of the 
muscularis and the piesence of nests of epithelium wuthin thin- walled 
vessels eithei Ijmiph vessels or blood vessels The latter is usually 
considered a reliable indication of malignancy m spontaneous tumors 
Successful tiansplantation of gastric tumoi tissue has raiely been demon- 
strated before These points will be discussed in more detail later The 
possibility of coincidence is entiiely eliminated by the use of pure strain 
mice, for no similar tumor has been obseived to occur spontaneously 
m several thousand strain A mice 

3 Miscellaneous Factois Twort and Bottomley reported a 
squamous caicinoma of the forestomach in a mouse painted with a 
wateiy solution of a mixture of chrysene ammonium and sodium sul- 
fonite for twenty weeks The tumor invaded the liver and adjacent 
organs Since this was the only mucous membiane tumor in a large 
numbei of mice (12,000) subjected to similar procedures, it was con- 
sidered to be spontaneous 

Hormonal substances have been of consideiable impoitance in some 
fields of experimental induction of tumoi s, however, gastric lesions 
apparently have been rarely found Pierson reported a growth 
resembling mammary gland m the wall of the stomach of a castrated 
rabbit which had received 0 1 mg of an estrogen twice a week for three 
years In the thickened gastric w^all were numerous infiltrating tubules 

47 Footnote deleted 

48 Pierson, H Ztschr f Krebsforsch 48 177, 1938 
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and ducts filled with a mateiial staining pink with eosiii This glandular 
tissue was nowheie seen to be i elated to the gastiic epithelium in serial 
sections Theie was extensive squamous cell metaplasia This was the 
only such tumor found in a laige group of rabbits receiving the estrogen 

Doniagk^® leproted a gastric adenocai cmoma m 1 of 20 mice fed a ^ 
diet of rice and 20 pei cent olive oil, alternating each week with the 
usual diet, foi one yeai The tumoi was visible grossly Microscopi- 
cally, it consisted of atypical glandulai epithelium with numerous mitotic 
figuies and extended through the musculaiis mucosae and the musculaiis 
but was limited by the serosa Theie weie associated infiammatoiy 
changes m the gastric wall No metastasis is mentioned Photomicro- 
graphs of this tumoi show the changes desciibed Gastric polyposis, 
legarded as piecanceious, was found in some of the othei mice A 
pulmonary nodule m 1 mouse was interpieted to be a metastasis from 
the stomach, although the gastiic lesion was appaiently consideied pre- 
cancerous There is no photogiaph or description of the pulmonary 
nodule No similar gastric lesion was found m 20 mice that were not 
fed olive oil 

COMMENT 

Nomenclatwe — ’The term “experimental gastiic cai cmoma” almost 
always lefers to squamous cell cai cmoma of the foiestomach In a 
sense this is confusing, since cai cmoma of the stomach in man implies 
adenocai cmoma Theie is no experimental evidence to suggest that the 
two types are related except m the anatomic location of both m the 
stomach Occasionally the term “expei imental gastiic cai cmoma” has 
been applied to malignant tumoi s of othei oigans tiansplanted to the 
gastiic wall The use of the phiase m this sense is misleading 

Saicoma — Repoits of expei imental saicoma of the stomach aie 
uncommon and have not been included in this leview Biunschwig®^ 
found large fibiosarcomas m 2 of 3 male rats exposed foi an mde- 
terminite length of time to vaiious caicinogenic agents Each of these 
animals also had a benign fibroadenoma of the breast 

Adenocai cmoma — Theie aie m the hteiatuie lelatively few claims 
of the production of experimental adenocai cmoma of the stomach On 
close scrutiny these leports eithei aie not convincing or do not peimit 
objective evaluation of the malignant natuie of the changes Theie 
IS no well established case of adenocarcinoma of the stomach lesultmg 
from an experimental procedure 

49 Domagk, G Ztschr f Krebsforsch 48 283, 1938 

50 Besredka, A , and Gross, L Ann Inst Pasteur 62 253, 1939 , abstracted. 
Am J Cancer 37 124, 1939 

51 Brunschwig, A Personal communication to the authors 

52 Voronoff and Alexandrescu Roffo Waterman Rusch and others 
Domagk 
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The fact that attempts to induce adenocarcinoma of the stomach 
with known caicinogemc agents have been unsuccessful laises seveial 
considerations 

1 Time Factoi The induction peiiod may be considerably longer 
than foi othei expeiimental cancers 

2 Mechanical Factors Van Prohaska, Brunschwig and Wilson'’® 
called attention to the problem of keeiiing the carcinogenic agent in the 
stomach and, even when this is accomplished, of bunging the agent into 
intimate contact vith the secreting gastiic mucosa covered with mucus 
The implantation or injection of carcinogenic compounds into the vail of 
the glandular stomach eliminates some of the mechanical difficulties, 
but these methods have not yet yielded the positive lesults that might 
be expected Although these proceduies ma} be of consideiable value, 
paiticulaily m the selection of eftectt\e caicinogcns feeding expeiiments 
pel haps have the advantage of being moie physiologic 

3 Chemical Factoi s Pei haps theie is a caicinogemc agent, specific 
for the glandular tissue of the stomach Although this is ptiiely specula- 
tive, theie is some basis foi such a possibility Shear’s studies in pure 
stiain mice indicate that 2-amino-5-azotoluene is a specific carcinogenic 
compound for Inei tissue Meth} Icholanthrene, vhich is closely related 
to bile acids, appeared on theoretic grounds to be possibly carcinogenic 
for gastric glandular tissue Reports, howe\ ei , do not yet indicate that 
It has such an action when giten by mouth (Van Prohaska, Brunschwig 
and Wilson^®) oi when injected into the gastiic vail (Stewart®’’) 

4 Species or Stiain Susceptibility Experimental cancer ma}'' at 
times be induced in an oigan oi tissue of an animal while the same 
pioceduie in other animals of a closely i elated species oi stiain has no 
carcinogenic effect The v^ell knovm difference in the response of rats 
and rabbits to tariing is a classic example Relatively few species have 
been used m attempts to induce gastric adenocai cinoma The possibility 
that a species or strain susceptible to known carcinogenic agents may 
exist is not entirely excluded 

5 Tissue Resistance A more basic factor may be the apparent resis- 
tance of normal gastric glandular tissue to a carcinomatous change 
There is considerable pathologic evidence that carcinoma does not 
develop in an unaltered gastric mucosa (Konjetzny ') The question 
arises as to whether the known carcinogenic agents can be effective in 
the normal glandulai stomach of an animal Possibly preliminary benign 
changes are prerequisite The moie important question would then 
still remain as to what brings about the eailier benign changes 

S3 Shear, M J Am J Cancer 29 269, 1937 
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Sqvainous Cell Cm emoma —It is geneially accepted that squamous 
cell caicinoma of the forestomach has been expenmentally produced m 
rats and mice However the impiession given at times that it has 
been pioduced rather commonly is not suppoited by a leview of the 
liteiature The actual numbei of instances on record is difficult to 
estimate in view of the doubtful malignancy of some induced forestomach 
tumors regal ded as caicinoma and the questionable relation of some 
of these to the expei imental procedure In this regard Stewart’s 
woik gi\es promise of moie successful and consistent lesults m the near 
future One of his observations is paiticularly noteworthy With niethyl- 
cholanthrene the estimated aveiage induction peiiod of both benign and 
malignant squamous cell tumois of the stomach was about fouiteen 
months This is a consideiably longei peiiod than is needed to induce 
tumors of other tissues with methylcholanthrene in the same strain 
of mice Although this apparently gieatei resistance of gastric squamous 
epithelium to carcinogenic action is not definitely known to exist in all 
animals and for all caicinogenic compounds, the numerous negative 
lesults obtained in expei iments of shortei duiation stiongly suggest this 
possibility 

In weighing the evidence of malignancy, the presence of a mass of 
atypical or keiatinized squamous cell tissue or of a large cavity filled 
uith caseous material in the lung of rats usually does not indicate a 
metastasis It is so frequently found that not much significance can be 
attached to it Bullock and Rohdenbuig^® called attention to this fact 
in 1918 and in an accompanying photomicrograph showed squamous 
cell epithelium with mitotic figures in the lung of a rat with broncho- 
pneumonia Bonne later found a large kei atinized squamous mass 
m the periphery of the lung of a rat dying of bronchopneumonia No 
connection with a bronchus could be found There was no squamous 
cell tumor elsewhere, and it was mteipieted to be a metaplastic mass 
primal y m the lung Wolbach and Howe^^ and others found wide- 
spread squamous cell metaplasia m vitamin A-deficient rats None, 
however, have shown the presence of squamous cell metaplasia and bron- 
chiectasis 111 rats as convincingly as Passey, Leese and Knox These 
workers found that 51 per cent of a laige group of laboratory rats had 
bronchiectasis in some degree or other, which occurred independent of 
the diet Some bronchiectatic cavities filled with purulent material 
replaced several lobes of the lung Squamous cell metaplasia of the 
bronchial tree was also common and independent of the diet, although 
It was more marked in vitamin A-deficient rats Keratinization of these 
metaplastic masses was almost exclusively limited to the vitamin A-defi- 
cient animals In 1 rat and 2 mice squamous cell metaplasia of the 
alveoli was found These lesions are excellently illustrated There 
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IS no photomicrogiaph in the liteiatuie of a so-called metastasis to the 
lung fiom a squamous cell tumoi of the foiestomach that cannot be 
matched among those accompanying the papei of Passey, Leese and 
Knox These authois consideied the possibility of seieial etiologic 
factors without i caching a definite conclusion It is ceitam, howe\ei, 
the lesions are not metastases This is confirmed by man} unpublished 
obseivations (Stemei 

Abdominal metastases have appaicntly not been so confusing 
Enlarged abdominal lymph nodes obviously do not indicate metastasis 
in all cases In tbe piesence of seveiely infected benign foiestomach 
changes, it might be surprising if the legional lymph glands were not 
enlaiged Foi this reason illustiations of such enlargements aie not 
convincing unless accompanied by photomicrographs showing the 
metastatic tissue Likewise theie ate causes othei than caicmomatous 
invasion of neighboiing structuies to account foi adhesions between 
the stomach and these oigans 

Evidence in favoi of malignancy could be shown b} iiie\ersibiht} of 
experimental gastiic lesions simulating caicinoma Ob\iousl} it is 
not always possible to demonstrate this, especially when the caicinogemc 
agents aie injected into the gastiic vail In the case of dietan defi- 
ciencies 01 the feeding of caicinogemc agents this method seems appli- 
cable Bonne’s leport of a squamous cell caicinoma in a mouse which 
had received tai by mouth foi thiity-thiee weeks and which died almost 
fi^e months latei shows that the method is feasible Another example 
IS the experiment of Hoelzel and Da Costa m which they used dietaiy 
means to induce foiestomach lesions in lats, vhich almost disappeaied 
when a complete diet w^as lesumed 

Transplantation of squamous cell tumoi s of the foiestomach has not 
been attended by much success This maj ha\e been due to (1) infec- 
tion of the implants, as Fibigei and othei s have emphasized, (2) the 
nonmalignant natuie of some of the tumoi s, (3) the laige amount of 
acellular and keiatinized mateiial present oi (4) the difficulties m tians- 
plantmg tissue fiom one stiain of animals to anothei Fibiger^'*- 
apparently succeeded in the case of a mouse Metastases to lymph 
nodes weie tiansplanted into 28 of 55 mice that suivived inoculation, 
lepresenting four geneiations of “takes” coveiing a peiiod of one yeai 
The transplanted tissue maintained the histologic appearance of the 
original tumor of the stomach Slye, Holmes and Wells ^ m the case 
of two spontaneous gastiic carcinomas in mice obtained only a few'^ takes 
with one of the tumors, wdiich could not be earned to a second genera- 
tion Stewart ti ansplanted an induced squamous cell tumoi of the 
stomach of a mouse through two generations Microscopically, the 
transplants weie identical to the original tumor 

54 Steiner, P E Personal communication to the authors 
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In this connection the experience with transplantation of induced 
squamous cell tumors of the skin deserves consideration Woglom 
m a comprehensive review of experimental tar cancer stated that spon- 
taneous keratinizing neoplasms had long been known to be refractory 
to propagation and that similar difficulties weie encounteied with induced 
squamous cell tumors even when they gave definite evidence of being 
malignant m othei ways The failuie to obtain “takes” with such 
tumors cannot, theiefore, be regarded as eliminating the possibility of 
malignancy On the othei hand, a positive lesult might be due merely 
to temporary prohfeiation of the giafts In eithei case the lesult might 
be equivocal Muiray and Woglom (cited by Woglom found auto- 
transplants 111 mice 11101 e satisfactoiy than honioti ansplants Normal 
tissues or benign growths proliferated only temporal ily oi not at all, 
wheieas malignant growths gave a high percentage of positive results 
In the hands of these obseiveis autotransplantation was sometimes 
successful with tai tumois that appeared histologically benign at the 
time of implantation This was legaided as evidence that autotransplan- 
tation could at times facilitate the lecognition of a malignant tumor 
before histologic examination Kieyberg®® was unable to confirm the 
observation that tumors appealing histologically benign m mice weie 
autotransplantable 

Rous and Kidd noted that autoti ansplants of a virus papilloma in 
rabbits in some instances grew while the original papilloma letrogressed 
This was found particularly when inflammation of bacteiial origin ensued 
at the site of inoculation 

These examples illustrate the difficulties encountered in interpreting 
the significance of both successful and unsuccessful transplants of induced 
squamous cell tumors of the skin Since these experimental tumors 
are the ones most analogous to those of the forestomach, the same 
uncertain inteipretation may apply to the results of transplantation of 
the lattei as well 

Cntena of Malignancy — The question of what characterizes an 
experimental carcinoma has been a source of controveisy Fibigei 
set down clearly his criteria of malignancy with respect to squamous 
cell tumors of the forestomach and supported his opinion by pointing 
out the similarity of such changes to those occurring m spontaneous 
squamous cell carcinoma m man and animals These criteria were 

1 Heterotopic downgrowth of epithelial cells, not only the normal type of 
the basal epithelial layers, but, mixed with these, atypical and keratinized cells in 
abundance, partly arranged as spherical masses and horny globes 

55 Woglom, W H Arch Path 2 533 and 709, 1926 

56 Kreyberg, L J Cancer Research 9 381, 1925 

57 Rous, P , and Kidd, J G J Exper Med 69 399, 1939 
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2 Infiltrative growth of these heterotopic and atypical epithelial cells into 
the deeper layers, splitting up invasively the elements of the connective tissue of the 
mucosa and the muscle cells of the muscularis mucosae, forming isles and spurs m 
the latter — as most frequently seen — also penetrating through this membrane into the 
superficial or deeper layers of the submucosa 

Bullock and Rohdenburg questioned the malignant nature of 
Spiroptera tumois such as Fibigei’s in the absence of actne invasion of 
the muscularis and definite metastases Bonne placed consideiable 
reliance on invasion of blood vessels as a sign of malignancy in 1 
case and infiltration of the muscularis m another Steu ai t differ- 
entiated papilloma fioni carcinoma on the basis of invasion of the outer 
muscular layers of the stomach Additional evidence of malignancy 
was also present in one case in which nests of epithelium were found 
in thin-walled vessels between the muscle layers of the stomach, either 
l3^mph vessels oi blood vessels, and m anothei the tumoi was success- 
fully transplanted to othei mice thiough two geneiations 

A fundamental question is whether the micioscopic ciiteria of spon- 
taneous malignancy can be applied to experimental tumors in differen- 
tiating the malignant from the benign In the final analysis, malignancy 
may be judged only by the course of events Certain histologic chai- 
acteiistics of spontaneous lesions have become synonymous wnth malig- 
nancy, however, this lelationship was at first empirically established 
Tumors following a malignant couise w'eie found to have some diffei- 
entiating morphologic characteristics Earlier and earhei stages of these 
characteristics w^eie recognized, so that now it is often possible to predict 
that a spontaneous tumoi will follow'^ a malignant couise on the basis 
of its structure onl} and wuthout any definite pi oof of malignant activity 
beyond a few microscopic changes which, if they did not piogiess, could 
not be classified as malignant and would not inteifere wuth the well- 
being of the organism If early morphologic changes from the accepted 
normal are used to predict a malignant sequence, they are leliable guides 
only so far as this sequence has been showm ahvaj^s to follow^ It cannot 
be inferred with certainty that the histologic cnteiia established empiii- 
cally as pointing to an iiieversible and progiessive process in a spon- 
taneous tumor necessarily apply to induced tumors or other forms of 
spontaneous tumors If a malignant alteration represents an intrinsic 
ineversible cellular change, manifested by aggressive and destructive 
invasion of other tissues and oigans and continuing until the death of 
the organism, some of the criteria of malignancy applied to induced 
tumors may at times be inadequate 

These remarks m relation to expeiimental squamous cell carcinoma 
of the forestomach can become the subject of futile controversy How'^- 
ever, if detailed and careful studies of induced squamous cell tumors 
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of the skin, such as those of Yamagiwa and Ichikawa and Ichikawa 
and Baum and the comprehensive reviews of Woglom and Seehg 
and Cooper,®® aie again consulted, some light may be thrown on the 
problem 

Murray and Woglom (cited by Woglom made use of four criteria 
of malignancy “ ( 1 ) the progressive growth of a tumor after painting has 
been discontinued, and the growth of its autotransplants, (2) the lecur- 
rence after wide excision, (3) histologic evidence of local infiltrative 
growth, and (4) metastases The) regarded the loss of differentiation 
and the presence of atypical cellular characteristics as wholly inadequate ” 
These investigators apparently found that simpler criteria of induced 
malignancy did not distinguish benign from malignant tumoi s 

Rous and Kidd ® ‘ described squamous cell tumors m rabbits follow- 
ing repeated tan mg of the eai which have all the morphologic appear- 
ances of carcinoma, including extension through lacunae in the cartilage 
and presence of pi ohferating epithelium in the lymphatics These 
tumors were at times moi phologically indistinguishable from caicmoma 
and were called caicinoids When the tarring was discontinued, the 
carcinoids retrogressed, whereas the carcinomas continued to show 
active invasive propeities If the tarring was continued without inter- 
ruption, the carcinoids eventually ceased to grow destructively and 
took on the gross forms of old papillomas These investigators also 
mentioned a group of tumors which had active malignant pioperties only 
as long as tarring was continued 

On the basis of these and numerous similar obseivations in regard 
to experimental squamous cell tumoi s of the skin, it is questionable 
whethei the morphologic charactei istics of spontaneous squamous cell 
carcinoma in man or animals can be applied to induced gastiic tumors 
unless the lattei conhmie to show malignant activities in the absence 
of the agent used to hung them about Fibiger believed he demonstrated 
such an irreveisible change, but the factor of a dietary deficiency was 
not eliminated in his expeiiments Since some dietary deficiencies in 
themselves apparently lead to forestomach changes meeting Fibiger’s 
criteria of malignancy, the validity of his interpretation is open to ques- 
tion In view of this there is obviously some hesitancy in agreeing that 
all experimental squamous cell tumors of the forestomach regarded in 
the literature as caicmoma do actually represent malignant alteration 
of tissues 

What cnteiia would serve to differentiate induced benign and malig- 
nant gastric tumors cannot be settled at piesent More of these tumors 

58 Yamagiwa, K, and Ichikawa, K J Cancer Research 3 1, 1918 

59 Ichikawa, K, and Baum, S M J Cancer Research 9 85, 1925 

60 Seehg, M G , and Cooper, Z K Am J Cancer 17 589, 1933 
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will haAe to be observed carefully in ordei to determine their own 
peculiai ities It is not known, for example, whether such carcinomas 
aie moie apt to metastasize than they aie to invade neighhoimg organs, 
01 whether invasion of the musculaiis indicates a definitely irreveisihle 
piocess Induced cancels should, howevei, have those chaiacteristics 
generally considered inherent in a malignant giouth (1) the ability to 
piohferate independently as metastases, (2) the ability to invade pro- 
gressively and destructively neighhoimg tissues and oigans, (3) irre\er- 
sibility of these propeities in the absence of the extrinsic factor initially 
held responsible for the cellular change Since such changes have been 
obseived to occui in spontaneous squamous cell caicinoma of the foie- 
stomach in mice (Slye, Holmes and Wells, Wells, Slye and Holmes 
there should be, m addition, (4) leasonable e\idence to indicate a causal 
relation of the expeiimental pioceduic to the tiimoi 

Application of these criteria to induced gastric tumors is not alwa}s 
easy, but unless they can be demonstiated, the malignant nature of the 
tumor cannot be consideied as proved The histologic appeal ance of 
the tumoi alone is not adequate 

SUMMARY 

Spontaneous gastiic adenocarcinoma is found laieh in animals and 
foi all piactical purposes can be said to occui exclusively in man Con- 
sequently studies of this most impoitant human malignant lesion aie 
limited for the piesent to clinical material A review of the literature 
discloses no leliable method of inducing adenocaicinoma of the stomach 
in animals, in fact, there is no well established case of an adenocaicinoma 
of the stomach produced expeiimentally 

Some success has attended efforts to induce squamous cell caicinoma 
of the forestomach in mice and i ats, although considei ably less than the 
claims in the liteiature would indicate There is no experimental evi- 
dence to suggest that the two types of gastric caicinoma aie related 
except in the anatomic location of both in the stomach 

The ciiteria of induced malignancy are considered Proof of malig- 
nancy IS not given by the histologic appearance of a tuinoi, whethei 
spontaneous or induced, but by the demonstration of malignant activity 
as evidenced by (1) the ability to proliferate independently as metas- 
tases, (2) the ability to invade pi ogi essively and destructively neigh- 
boring tissues and organs, (3) in eversibility of these activities, which 
must be shown to continue in the absence of the extiinsic factor initially 
held responsible for the cellulai changes It must, furthermore, be shown 
that (4) a given malignant change occurs with sufficient regularity to 
establish a causal relationship of the experimental piocedure to the 
cancer 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc — Alfred H W Caulfeild, research member of the Connaught Laboratories, 
Toronto, Canada, died on May 2, at the age of 59 

Esmond R Long, Philadelphia, has been elected a membei of the American 
Philosophical Society 

Valy Menkm has been advanced to the rank of assistant professor of pathology 
at the Harvard Medical School 

The Rockefeller Foundation has made a grant of $15,000 toward the development 
over a three year period of legal medicine at Harvard Medical School 

The George M Kober Afedal of the Association of American Physicians for 
1940 has been presented to F F Russell for his introduction of double sugar 
medium for the cultivation of typhoid bacilli, and the same medal foi 1941 has 
been awarded to William deB MacNider foi his study of acquired resistance of 
tissue cells after injury to the liver and kidney 

The old autopsy house of the Philadelphia General Hospital (“Old Blockley”), 
which has been restored and named the Osier Memorial Building, was dedicated 
on June 8 At the same time the painting “Osier at Old Blockley” by Dean 
Cornwell was shown 

Louis Hamman, Johns Hopkins University, has been elected president of the 
Association of American Physicians 

The Ettore Marchiafava Piize, founded by the University of Rome in 1938 
for the best work on morbid anatomy or general pathology, has been awarded to 
Mario Afonacelh, director of the dermatologic clinic of the University of Messina, 
and Giulio Raffaele, of the University of Rome 

Society News — The Biologic Photographic Association will meet at the 
Hotel Schroeder, Milwaukee, Sept 12 to 14, 1940 The address of the secretary 
IS Magee Hospital, Pittsburgh 
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Abstracts from Current Literature 

To Save Space the Original Titles or Abstracted Articles Sometimes 

Are Shortened 


Pathologic Chemistry and Physics 

Increasing Plasma Prothrombin in the Newborn Infant L B Siiettles, 

E Delfs and L M Heliman, Bull Johns Hopkins Hosp 65 419, 1939 

The plasma prothrombin level of the newborn infant can be raised not only 
by feeding vitamin K concentrate directly to the infant after birth but also bj' 
administering it to the motlier prior to delivery The values obtained bj adminis- 
tration of the concentrate to the mother are often three times those normally 
seen and in general are higher than those w'hich can be attained by administering 
vitamin K concentiate to tlie baby after birth From Authors’ Summarv 

An Electrophoretic Stud\ of Nephrotic Serum and Urinf L G Longs- 

worth and D A MacInnes, J E^per Med 71 77, 1940 

The electrophoi etic patterns of the serum and urine of 2 patients with lipoid 
nephrosis have been obtained and have been compared wnth a tj^pical pattern of 
normal serum The patterns of the pathologic serums deviated w'ldely from the 
normal, albumin was relatuely low and globulin high The comparison of the 
patterns of nephrotic serums cleared by centrifugation and by ether extraction 
shows that a large portion of the beta globulin consisted of a labile lipoprotein 
The pattern of the proteins of the nephrotic urine resembled that of the proteins 
of normal serum, wnth, how'ever, significant differences 

From Authors’ Summarv 

Vitamin K E A Doisy and others. Science 91 58, 1940 

During the decade following Dam’s first observations on the hemorrhagic syn- 
drome the combined efforts of several groups of investigators have solved many 
of the important problems connected with the new vitamin Sources of vitamin 
K were discovered, methods of extraction and purification devised, the isolation 
effected, the structure of Ka worked out and then verified by synthesis, and a 
promising start made on the therapeutic applications In addition, simple water- 
soluble compounds with antihemorrhagic properties have been supplied for clinical 
work Preliminary results wnth these compounds are encouraging 

From Authors’ Summary 

Adrenalin Content of the Adrenal Glands in Diphtheria Intoxication 
C A Ashford, Brit J Exper Path 20 385, 1939 

Ashford has estimated the adrenalin content of the adrenal glands in diphtheria 
intoxication to determine whether the content is reduced during the acute stages 
of diphtheritic toxemia Reports on this point, based mainly on histologic methods 
applied to experimental animals and human postmortem material, have been con- 
flicting and a number of theories of the circulatory collapse have been built up 
on the assumption of a depletion or an exhaustion of the medullary adrenalin 
Guinea pigs have been used, and the results show that reduction of adrenalin 
content to any marked extent is not found Histologic observations are reported 
briefly, and the possible significance of cortical damage discussed 
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Microbiology and Parasitology 

Toxoplasmic Encephalomyelitis A Wolf, D Cowan and B H Paige, 
Am J Path 15 657, 1939 

A fifth case of a new disease, granulomatous encephalomyelitis due to a proto- 
zoon, occurring in an infant is described The clinical and pathologic observations 
in this case are shown to be similar to these in the fiist 4 cases This group 
lepresents a distinct disease entity The disease affects young infants, produces 
manifestations of general involvement of the nervous system, may give rise to 
ophthalmoscopically identifiable focal lesions in the evegrounds and terminates 
fatally after an acute or subacute course The spinal fluid shews xanthochromia, 
a high protein content and pleocytosis The central nervous system is the site 
of focal inflammatoiy and degenerative lesions, which are widely disseminated 
Similar changes are found in the retina and choroid Miliary granulomas are a 
characteristic feature of the process in the nervous system Focal inflammatory 
lesions were present in the heart and striated muscle in 1 case A protozoan 
parasite is present in all the lesions The results of transmission of the infection 
to animals from the case reported here indicate that the causative pretozoon is a 
Toxoplasma The designation Toxoplasma hominis is suggested for the micro- 
organism and the term “toxoplasmic encephalomyelitis” for the disease 

From Authors’ Summary 

Bacteriostatic and Antitoxic Actions of Sulfanilamide Joseph T King, 
Austin F Henschel and Beryl S Green, JAMA 113 1704, 1939 

A tissue culture study has been made of the bacteriostatic and antihemolytic 
properties of sulfanilamide All strains of beta streptococci studied were inhibited 
The bacteriostatic effect varied directly with the concentration of the drug and 
inversely with the number of bacterial colonies Reduction in hemolvsis was 
observed to accompany bacteriostasis Correlation of the reduction in hemolysis 
with the observed bacteriostasis leads to the conclusion that the antihemolytic 
effect is secondary to bacteriostasis The drug regularly inhibits the wide, diffuse 
peripheries usually seen around colonies of beta streptococci growing in clots 
of tissue culture The drug causes the development of abnoimal, long chains of 
streptococci From Authors’ Summary 

Hemolytic Streptococcus Lymphadenitis in Guinea Pigs C V Seastone 
J Exper Med 70 347, 1939 

A group of guinea pigs carrying a chronic streptococcic cervical lymphadenitis 
has been studied The chronic disease may be transmitted with pure cultures of 
streptococci isolated from the naturally occurring abscesses Its probable mode 
of transmission under natural conditions was shown to be by ingestion of the 
infective agent The spontaneous appearance of an acutely fatal variant was 
observed Infection with the chronic strains protected animals against the highly 
virulent strain Such immunity could not be passively transferred to either mice 
or guinea pigs, nor could any opsonizing, precipitating or bactericidal antibody be 
associated with it Allergy could not be correlated with this immunity The 
dissociation of the chronic and acute strains was investigated, and organisms m 
nonmvasive phases were isolated No precipitin reaction attributable to an anti- 
genic virulence factor could be demonstrated No protection was obtained vvith 
vaccines or aggressins Author’s Summary 

Virulence of Group C Hemolytic Streptococci C V Seastone, J Exper 
Med 70 361, 1939 

A nonantigemc mucoid polysaccharide similar to that described by Kendall, 
Heidelberger and Dawson was isolated from group C hemolytic streptococci 
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A simple method for its quantitative estimation is described By means of this 
method, as well as by the direct isolation of the carbohydrates, the size and per- 
sistence of capsules in young cultures of \arious strains ha\e been related to the 
nonantigenic mucoid polysaccharide 

Purity of Preparations or Eli mentarv Bodies or Vaccinia J E Swadfl, 
T M Rivers and E G Pickeis, J Exper Med 70 379, 1939 

A method of estimating the purity of preparations of elemental y bodies of 
vaccinia is described It depends on the comparison of the number of infcctne 
units of virus in a given material with the number of elementary bodies The 
latter figure is estimated fiom the dry weight of the preparation by means of a 
calculated value for the weight of a single dchy'drated elementary body The ratio 
of the number of infectne units of laccine virus to the number of elementary' 
bodies varied between 1 2 4 and 1 9 2 in scicn consecutnc experiments, the a\er- 
age was 142 These ratios indicate a high degree of purity of the preparation 
Moreover, they indicate that a relatncly high percentage of the elementary bodies 
in the preparations was infcctne Pkqm Authors’ Summari 

iiIalignant Panleukopenia or Cats W D I-Iammox* and J F Enders, J 
Exper Med 70 557, 1939 

The most conspicuous clinical finding in liie course of this mi us disease is 
fulminating panleukopenia The eaihest significant decrease noted is usually' in the 
number of the ly'mphocytes From the study of lymph nodes and bone marrow during 
the period of incubation and throughout the illness, it appears that a failure of 
leukopoiesis is the cause of the leukopenia Inclusion bodies in the primitue blood 
cells of the marrow suggest a direct action of the virus on these cells When 
recovery occurs, a marked myelogenous leukemoid response is noted Available 
data indicate the presence of mild anemia due to a failure in ery thropoiesis, less 
marked than the leukopenia, probably because of the longer life of the adult circu- 
lating erythrocytes The erythrocites appear to have increased fragility, and the 
serum has a slight increase m icterus, suggesting an increased mean erythrocyte 
age During recovery ery'thropoiesis does not begin until after the myeloid marrow 
response has begun to subside, possibly because of previous mechanical crowding 
of the marrow by the more rapidly growing myeloblasts and myelocy'tcs 

From Authors’ Summ-vri 

Inclusion Bodies in Scarlet Feier J Broadhurst and others, J Infect Dis 
64 193, 1939 

That a virus is concerned in the production of scarlet fe\er is indicated by 
the presence of inclusion bodies in the tissues of the upper respiratory' area of 
patients with scarlet fever, the presence ot inclusion bodies in the white blood 
corpuscles of such patients , the presence of inclusion bodies in serial tissue cultures 
inoculated with bacteria-free filtrates of blood from such patients 

From Authors’ Conclusions 

Bile Action on Pneumococci and Streptococci P H*Gred\, J Infect Dis 
64 206, 1939 

Pneumococcus and Streptococcus vindans on blood agar alter the red cells 
surrounding their colonies so that these cells are resistant to the hemolytic effect 
of bile Dried bile placed on the blood agar colonies of Pneumococcus dissolves 
the colonies but leaves the zone of fixed cells intact Colonies of Str vindans and 
Streptococcus haemolyticus are not dissolved This is therefore a simple means 
of differentiating these colonies From Author’s Summary 
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Viability of Tubercle Bacilli on Restriction of Oxygen T S Potter, J 
Infect Dis 64 261, 1939 

Human tubercle bacilli, like avian, may survive prolonged drastic depnval of 
oxygen at 37 C Avian bacilli, like the human type, studied by Novy and Soule, 
are unable to survive a relatively mild restriction of oxygen at 37 C when such 
restriction is combined with an accumulation of the gaseous products of their 
metabolism on glycerin agar From Author’s Conclusions 


The Nutrition or Corynebacterium Diphtheriae W C Evans, W R C 
Handley and F C Happold, Brit J Exper Path 20 396, 1939 

Evans, Handley and Flappold, continuing their studies on the nutritional require- 
ments of Corynebacterium diphtheriae types, find that the additional growth factor 
present in tissue extractives required by certain gravis strains is pantothenic acid 
The mitis and some gravis strains which had previously been grown in chemically 
defined mediums synthesize this “gravis growth factor ” Pantothenic acid is a 
compound of beta-alanine and a dihydroxyvaleric acid , according to current litera- 
ture, this substance is identical with the chick antidermatitis factor and is one of 
the B complex vitamins The paper also describes experiments which show that 
strains of C diphtheriae grown in chemically defined mediums synthesize sub- 
stances with physiologic activities similar to those of aneurin, riboflavin and 
“co-enzymes I or H ” 

Influenzal Bronchitis M Straub, J Path & Bact 50 31, 1940 

In mice the virus of influenza affects specifically the epithelium of the respira- 
tory tract from the bronchioles to the bifurcation of the trachea It causes 
catarrhal bronchitis with collapse of lung tissue This collapse is merely a com- 
plication of the epithelial process and is not in itself specific It may be absent 
if a weak virus has been used or if the mice are adults In such circumstances 
treatment with diluted diphtheria toxin prior to infection or treatment with Tyrode 
solution one or two days after infection is capable of aggravating the consequences 
of the diffuse catarrhal inflammation In influenzal bronchitis, after a degenerative 
stage there follows a regenerative stage of the epithelial process In the larger 
bronchi, this entails restitutio ad integrum in the bronchioles, metaplastic epithelial 
changes may occur Immunity to influenza virus in mice depends largely on the 
presence of such epithelialized areas Even v’^ery slight metaplastic change seems 
to give complete protection Fkom Author’s Sujimary 


Histophysiology or THE Tubercle E Tonutti and J Wallraff, Beitr z path 
Anat u z allg Path 103 78, 1939 

A series of rabbits were infected by the technic of Bielmg and Schwartz They 
received a preliminary sensitizing injection of killed human tubercle bacilli and 
three weeks later an intravenous injection of livung tubeicle bacilli of the bovine 
type During the entire duration of the experiments the animals were maintained 
on a normal diet supplemented with vitamin C The histiocytes and epithelioid 
cells in the tuberculous lesions situated in the lungs, adrenals and elsewhere were 
found to contain a striking amount of ascorbic acid by the silver nitrate technic, 
as well as phagocytosed tubercle bacilli In sharp contrast, the lymphocytes con- 
tained no histochemically demonstrable vitamin C j Lebowich 


Immunology 

The Site of Sensitivity in the Arthus Phenomenon A R Rich and R H 
Follis Jr , Bull Johns Hopkins Hosp 66 106, 1940 

In the Arthus type of h 3 ^persensitivity there is vascular sensitivity, but the cells 
of the tissues at large are not sensitized Tissue death in the Arthus reaction 
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results pnmanlv from impairment of nutrition due to vascular damage and to 
clogging of the tissue spaces with exudate and hemorrhage It has been shown 
bj" numerous investigators that if foreign protein is injected one or more times 
into the cornea of one eye a subsequent injection after some days leads to a more 
marked corneal reaction than occurs as a result of an injection of the protein into 
the opposite, untreated eye This has been attributed to the de\clopment of local 
hypersensitivity m the treated eye The present experiments indicate that the more 
maiked reaction in the treated eye is due not to a higher degree of local sensitiza- 
tion of the corneal tissue but to the increased \asculant 3 ' which results from the 
preliminary^ intracorneal injections, from which a greater amount of exudate can 
be derived more promptly Authors’ Summary 

Serologic Studies on Sugar J kl Nniii and others, J Exper Med 70 427, 
1939 

Solutions of all of the chemically pure sucrose reagents of American manufac- 
ture that w'ere tested ga^e reactions with type II antipncumococcus serum The 
capacity of that antiserum to icact with sucrose solutions was rcmo\cd by absorp- 
tion w'lth the homologous pneumococci or with Leuconostoc mcsenterioides The 
serologic reactnity W'as due not to sucrose itself but to accompanying substances 
that could be removed by precipitation with a proper concentration of alcohol or 
by treatment with actuated carbon Although type II antipneumococcus scrum 
w’as used to detect its presence, the reactive material found m the sucrose can be 
considered to be only related to, and not identical with, antigens of type II 
pneumococci From Authors’ Summ\r\ 

Bacterial Agglutinatiox H E Aiewnder and M Hfidelbercer, J Exper 
Med 71 1, 1940 

The quantitatue, absolute methods of agglutinin and precipitin analysis prc\i- 
ously developed for antipneuniococcus serum ha\e been showm to be applicable to 
horse and rabbit serum and plasma containing antibody foi influenza virus type B 
With the aid of these methods and impro\ed immunization schedules, the antibody 
content of the rabbit serum has been increased fi've to ten times The method 
recommended for the purification of rabbit antipncumococcus antibody has also 
been found applicable to the antibody' for influenza iirus type B in rabbit serum 

From Authors’ Summary 


Permeabilitt of the Human Placenta to Antibodies A S Wiener and 
I J Silverman, J Exper Med 71 21, 1940 


The ratio of the titer of any of the various antibodies, e g , hemagglutinins and 
syphilitic reagin, m the maternal blood to that of the corresponding antibody' in 
the umbilical cord blood w'as found to be relatively constant, the value falling 
somew'here betw'een 8 and 16 This figure may be considered the “index of per- 
meability’’ of human placenta to antibodies, or the coefficient of the distribution of 
antibodies between maternal and cord blood The possible application of these 
findings to the study of placental permeability to sensitizing antibodies (or reagins) 


is discussed 


From Authors’ Summary 


Antigenic Relationships of Strains of Bacterium Necrophorum P H 
Walker and G M Dack, J Infect Dis 64 285, 1939 

A serologic study was made of 12 strains of Bacterium necrophorum — 9 of 
human and 3 of bovine origin Rabbits were immunized with 10 different strains 
of Bact necrophorum The immune serum thus produced agglutinated homologous 
strains in dilutions ranging from 1 160 to 1 1,280 Some heterologous strains 
were agglutinated to titer or nearly so by certain of these antiserums 
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Distinct antigenic groups were demonstrated by means of agglutination and 
agglutinin absorption tests One comprised 3 strains, another 2 and a third 3 
Four other strains were highly specific and piobably represented other serologic 
groups Virulence of these strains, as evidenced by their pathogenicity for rabbits, 
was no criterion for differentiating antigenic relationships, since 2 virulent strains 
were antigemcally related to a strain of low virulence Source of strains was not 
a differentiating characteristic, for of strains from chronic ulcerative colitis one 
was serologically related to a strain isolated from a metastatic subacromial abscess, 
and another, to a strain from the blood stream 


Tests of Antipneemococcic Treatments in Rats W J Nungester and 
A H Kempe, J Infect Dis 64 288, 1939 

It IS possible to study the effects of various therapeutic procedures for pneu- 
monia in rats with experimentally produced pneumonic lesions Such lesions 
parallel more closely the conditions encountered in man than do infections in 
rabbits or mice, which are primarily involvements of the blood stream with limited 
nonpulmonary lesions In the rat the difficulty of favorably influencing the course 
of the disease was readily demonstrated Specific immune serum decreased the 
incidence and mortality of pleurisj'^ However, a very appreciable mortality 
remained despite treatment From Authors’ Summary 


Serologic Identification of Clostridium Tetani J D M^vciennan, Brit J 
Exper Path 20 371, 1939 

In his study of the agglutination reactions of Clostridium tetani Maclennan con- 
firmed and extended the observations of Gunnison He suggests the use of O anti- 
serum as an aid to the recognition of aberrant strains By this means he has 
identified a new serologic type of Cl tetani 

Passive Immunization to the Virus of Influenza R Hare, J Path & Bact 
49 411, 1939 

It IS possible to protect mice against mtranasal infection with influenza virus 
by prior intraperitoneal administration of ferret immune serum When the serum 
IS administered after the virus, its effeet depends on (a) the time after infection 
at which it IS given and (t) the seventy of the infection (number of minimal 
lethal doses of virus inoculated) The immune serum obtained on infection with 
the PR 8 strain of virus is effective against heterologous strains m passive 
immunity experiments The seium of a horse immunized with influenza virus was 
less effective in passive immunity experiments than ferret immune serum, even in 
the case of concentrates which in neutralizing activity were comparable to the 
ferret serum From Author’s Conclusions 

A Study of Hemorrhagic Phenoaiena A Alechinsky, Ann Inst Pasteur 
63 41, 1939 

The Sanarelli and the Shwartzman phenomena were produced simultaneously 
in rabbits by a special technic and were shown to be identical This hemorrhagic 
phenomenon has nothing in common with anaphylaxis The reactions could not 
be elicited by horse serum, and passive transfer could not be demonstrated The 
active substances which induced these reactions were found in living and dead 
cultures and in filtrates of various bacteria and seemed to be associated with toxins 
Detailed histologic studies of the lesions produced in the Sanarelli- Shwartzman 
phenomena were made The vascular changes on which the reaction depends were 
produced after the primary injection, but vascular rupture and thrombotic and 
necrotic lesions of the liver, kidneys and lungs occuried only after the second, 
or shocking, dose The preparatory injection caused alterations in the hepatic 
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lobules and in the walls of the glonieinli, but the development of hemorrhagic 
and necrotic areas was uniquely connected with the shoching dose True lupture 
of the endothelium of the capillaries occuired in the lung p Luxex 


Effect or Bacteria oa Serums Gimnc Negitue Wassirmaax Rfactioxs 
O SiEVERS, Acta path et niicrobiol Scandmai 16 365, 1939 

Serums giving negatne Wasscimann reactions ga\c positive reactions from one 
to two days and anticomplcmentary reactions siv dajs after inoculation with 
Bacillus cereus Tlie cliange became manifest earlier with cholestcrolired beef 
heart extract than with ciiolesterol-free extracts Staphylococcus auieus, 
Escherichia coh and Bacillus alcaligcnes faccalis caused negatively leactmg serums 
to become anticomplemcntai v Bacilllus termmosporus had no such effect, while 
the growth of all the afoiementioned bacteria produced anticomplementary proper- 
ties in dextrose bioth The same culture medium behaved at first like a serum 
with a positive Wassermann reaction after inoculation with B ceieus, but after 
further incubation it acquired anticomplementary qualities Tliere was no notice- 
able relation between the serologic properties of the cultuie medium and the 
changes in the hvdrogen ion concentration j Davidsohn 


Tumors 

Tumor Induction and Tumor Growth in HvpopinsncTOMizED Mice R 
Kortewtg and F Thojias, Am J Cancer 37 36, 1939 

In this experimental study the influence of the hypophysis on the induction of 
tumors and on the growth of tumors was studied m mice When the genetic 
constitution of the mice was compatible, transplantation was successful in everv 
case The tumor grafts gievv more slovvlj’’ in hypoplijsectomizcd animals than 
in controls of the same age, but the relation of the final tumor weight to the body 
weight was the same in the animals operated on and controls of equal age 
Papillomas and carcinomas induced by 3,4-benzpyrcne appeared markedly later in 
the hypophysectomized mice than in the controls With regard to the growth o^ 
tumor transplants and the response to carcinogenic agents, no qualitative diffcience 
was found between hypophysectomized mice and controls The observed differences 
were entirely of a quantitative nature Authors’ Summary 

Lymphoblastoma in Mice Following Administration or Carcinogenic Tar 
A M Brues and B B Marble, Am J Cancer 37 45, 1939 

A strain of mice derived fiom Bagg albino stock show's occasional lymphoma- 
tosis with a subleukemic blood picture, which runs a chronic course and appears 
not to be transplantable into normal mice of the same or other strains The inci- 
dence of this condition is normally 2 per cent Following cutaneous application of 
carcinogenic tar, the incidence of lymphoblastoma and lymphatic leukemia in these 
mice became as high as SO per cent, and the disease followed a much more rapid 
course The incidence of lymphoblastoma was closely correlated with the carcino- 
genic potency of the three different tars used A series of CS7 mice treated in the 
same way failed to show any such lesions It is concluded that in the presence 
of a latent predisposition to lymphoblastoma a carcinogenic agent ma}' act as an 
extrinsic factor leading to the development of this tumor 

From Authors’ Summary 

Evaluation of the Risk or Biopsy in Squamous Carcinoma R Patfrson 
and J R Nuttall, Am J Cancer 37 64, 1939 

A controlled clinical experiment shows that the incidence of metastases from 
squamous carcinoma is not increased by biopsy, but no generalization about other 
tumors can be made from this experiment p^^M Authors’ Summary 
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Effects of 3,4-Benzpyrene on Human Skin G B Cottini and G B Mazzone, 
Am J Cancer 37 186, 1939 

The assumption appears warranted that benzpjwene if applied to human skin 
for protracted periods would be carcinogenic as it is m animals 

From Authors’ Conclusions 

Acanthosis Nigricans and Cancer of the Liver in a Dog H O Curth 
and C A Slanetz, Am J Cancer 37 216, 1939 

Acanthosis nigricans and carcinoma of the liver m a dog is described Acan- 
thosis nigricans m dogs and human beyigs is essentially the same process The 
observation recorded is another instance of the association of acanthosis nigricans 
and glandular cancer, and is at least consonant with the hypothesis that there is 
a common genetic factor for acanthosis nigricans and the cancer 

From Authors’ Conclusions 

Susceptibility to Transmitted Leukemia Occurring in Mice M D Schweitzer 
and J Furth, Am J Cancer 37 224, 1939 

Spontaneous leukemias originating m the highly leukemic stock Ak, in stock Rf, 
in which the incidence of leukemia is low, and in first generation and other hybrids 
were inoculated into mice of each of the pure stocks and of various hybrid com- 
binations The leukemias arising in different hybrids behaved m transmission 
experiments like the Ak leukemias All of these leukemias can be transmitted to 
almost every member of the leukemic stock Ak and to Fa generation hybrids, 
but not to members of stock Rf All hybrid combinations tested have a substantial 
proportion of susceptible individuals, indicating dominance of inheritance, but 
further investigation is required to determine if one or two dominant genes are 
responsible for susceptibility The duration of illness and the anatomic character- 
istics of leukemia are not modified by the genotype of the host The susceptibility 
factors of both Ak and Rf leukemias are not allelomorphic Evidence is presented 
that these genetic factors are specific for susceptibility to transmissible leukemia 
and differ from those that, according to Loeb, determine susceptibility for normal 
tissue grafts From Authors’ Summary 

Abortifacient Action of Serum and Urine from Cancerous Patients K W 
Thompson, T Hale Jr and B B Whitcomb, Am J Cancer 37 233, 1939 

The experiments of Elsasser and Wallace dealing with an abortifacient agent 
in the serum and urine of patients with cancel have been repeated in part The 
urine or serum of the majority of the tested cancerous subjects contained a prin- 
ciple which caused termination of early pregnancy in rabbits The principle was 
not specific for cancer alone, since 3 of 6 apparently noncancerous patients had 
this agent in the blood or urine, and 1 cancerous subject did not have it m either 
serum or urine The principal lesions of the animals given injections were 
apparent in the uteri, where there was degeneration of the fetal structures, includ- 
ing the syncytial and Langhans cells, thrombosis of, and hemorrhage from, the 
placental vascular structure and, later m the process, an infiltration of the necrotic 
tissue with leukocytes P^^^m Authors’ Summary 

Serologic Specificity of Experimental Tumors L Dmochowski, Am J 
Cancer 37 252, 1939 

The serologic properties of tumors produced m Wistar rats by subcutaneous 
injections of 0 2 per cent benzpyrene in lard were investigated By intravenous 
inoculations of rabbits and Wistar rats immune serums were obtained which gave 
positive complement fixation with heated saline extracts of tumors (benzpyrene 
tumor, Jensen sarcoma. Walker carcinoma) and, though to a lower degree, with 
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heated saline extracts of certain normal rat tissues and organs, such as embrj'O, 
lung, stomach and intestine Immune serum against normal rat muscles contains 
antibodies which fix complement with heated rat tumor and rat embryo extracts 
even more strongly than with homologous antigen These cross reactions might 
be explained by the presence of normal antigens in tumor tissue Differences m 
heated saline extracts of normal and tumor rat tissue are discussed in relation 
to the serologic properties of a dying tissue Author’s Suaimart 

Histologic Changes and Iranspi antition or 1 issue Surrounding Mfthtl- 
CHOLANTHRENE Pellets H L Stewart, Am J Path 15 707, 1939 

Five per cent methylcholanthrene-cholcsterol pellets were placed subcutaneously 
m CoH mice The purpose of the experiment was to compare the results of his- 
tologic examination and of transplantation of the tissue aiound a carcinogenic 
agent at weekly intervals during the latent period of tumor de\elopmcnt Tumor- 
yielding transplants were obtained from pellet mice sacrificed at forty-two and 
forty-nine days and following a lapse of four wrecks at se\ enty-seven, cightj-two, 
ninety-one and ninety-eight days In the sections of the pellet tissue which gave 
rise to growing tumors when transplanted, atypical cells with characteristics 
resembling those of malignant cells w'ere present in \arjing number in the different 
mice The results suggest that other factors in addition to the malignant-appearing 
cells about the hydrocarbon are needed for the de\elopment of a tumor on trans- 
plantation of pellet tissue into a new' host The results of the transplantation 
studies indicate that malignant changes maj have been induced in cells exposed 
to the carcinogenic action of methylcholanthrene before the necessary criteria for 
the histologic recognition of malignancy became fully established 

From Author’s Summary 

PiNEALOMA OF DiFFusF Ependtmal ORIGIN R P Mackat, Arcli Neurol & 
Psychiat 42 892, 1939 

Mackay describes a unique tumor of the ependymal lining of all the cerebral 
ventricles, with obstruction of the sylvian aqueduct and involvement of the tuber 
cinereum and of the adjacent cerebral tissue, for several millimeters in some loca- 
tions The pineal body w'as not invohed but w'as enveloped bj the tumor mass 
The tumor was found in a white boy aged 18 w'ho had suffered for three 3 'ears 
from confusion, amnesia and delirium and on admission presented the clinical 
picture of tuberculous meningitis The tumor consisted of minute round lymphocyte- 
like cells, w'hicli packed the meshes of the reticulm network and were especially 
numerous around the blood vessels Other cells w'ere larger, some contained 
several vesicular nuclei, mitotic figures w'ere common In addition, ependymal 
cells (immature and adult) w'ere scattered throughout the tumor, w'lth a tendency 
to form perivascular palisades The author holds that the pineal tumor arose 
from the ependymal lining, though the pineal body itself was not involved Such 
a conclusion, in the author’s opinion, is permissible m view of the fact that embry- 
ologically the pineal body is a differentiated ependymal structure 

George B Hassin 

Virus of Infectious Mvxoma R E Hoffstadt and K S Pilcher, J Infect 
Dis 64 208, 1939 

The optimal temperatures for the growth of the virus of the infectious myxoma 
of rabbits on the chorioallantoic membrane is 33-35 C After repeated serial 
passage the virus becomes adapted to the embryo as a medium for growth After 
it has become thus adapted its titer is not affected by chilling of the embryo Virus 
grown on the chorioallantoic membrane produces an infection in the embr>o as 
indicated by gross changes and the blood count and by the fact that the vitality 
of embryos inoculated with the chick-passed virus is greatly reduced, as indicated 
by the reduction of the percentage of hatch As a preservative of the virus of 
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infectious myxoma, normal rabbit scrum is definitely superior to 50 per cent 
glycerol and physiologic solution of sodium chloride 

From Authors’ Conclusions 

The Adenomatous Gastric Lesion in Strain I AIice H B Andervont, 
Pub Health Rep 54 1851, 1939 

The adenomatous lesion of the stomach which occurs spontaneously m piacti- 
cally all adult mice of strain I appears earlier and is more pronounced in the males 
Susceptibility to the development of this lesion is inherited as a recessive charac- 
teristic, and a number of factors are involved Author’s Conclusions 

]\Ielanoma E K Dawson, J R M Innes and W F Harvey, Edinburgh M J 
46 695, 1939 

The benign melanoma or nevus cell tumor of the skin is a complex malforma- 
tion, the principal components of which are melanoblasts or melanocytes , these are 
pigment-formmg cells, and in man, in whom melanogenic potency has become 
restricted (“determined”) to epithelium, the common nevus cell tumor is a mani- 
festation of malinduction of the epidermis and its appendages One form of the 
nevus cell tumor, the acanthotic nevus, is wholly epidermal In the human eye 
and meninges there are found choroidal and meningeal melanotic cell aggregations 
of the mesodermic pigment cell type Malignant melanoma in the human being is 
a carcinoma — epidermal melanocarcmoma m the skin, neuroectodermal carcinoma 
in the eye Gaps still exist in knowledge of mesodermal melanoma, and a strict 
unitary conception of the melanoma may have to be abandoned The existence of 
neural melanoma may not be summarily dismissed 

From Authors’ Summary 

Peri9icious Anemia and Gastric Carcinoma A W F Jenner, Acta med 
Scandmav 102 529, 1939 

The conclusion is reached that the relative frequency of gastric cancer in asso- 
ciation with pernicious anemia is due to the chionic gastritis which is nearly always 
present with pernicious anemia , also that patients with pernicious anemia should 
be observed closely for the possible development of gastric cancer Cancer other 
than gastric does not have a i datively high incidence m patients with pernicious 
anemia From Author’s Summary 


Teclmical 

Iron Hematoxylins R D Lillie and W R Earle, Am J Path 15 765, 1939 

Lillie and Earle show that iron-alum-hematoxylin solutions containing 13 to 
17 3 Gm of ferric ammonium sulfate (1 5 to 2 Gm of ferric iron) in a 200 cc 
quantity stain intensely in five minutes and do not overstain appreciably in thirty 
minutes The addition of 15 to 20 Gm of ferrous sulfate (3 to 4 Gm of ferrous 
iron) preserves the original blue-violet color of the fresh solution for at least 
three months and preserves satisfactory staining for at least eleven and one-half 
months Ferrous ammonium sulfate and ferrous sulfate may be used as sources 
of ferrous iron Ferious sulfate is to be preferred, as it gives a higher concentra- 
tion of iron for the same weight of salt and is more soluble It may be generally 
observed that solutions retaining their blue-violet color give satisfactory staining 
Those showing a purplish violet to purplish brown color may also be quite usable, 
but those showing a yellowish brown color m thin layers are generally inert 
Solutions containing 1 5 to 2 Gm of ferric iron in the 200 cc unit quantity to 
1 Gm of hematoxylin give adequate nuclear staining in five to seven minutes and 
do not stain other tissue elements appreciably in thirty minutes Solutions con- 
taining around 0 5 Gm of ferric iron (4 3 Gm of ferric ammonium sulfate) stain 
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promptly and intensely m four to fi\e minutes and o\erstain in longer periods 
For preservation of the blue iion-hemato-vylin lake about twice as much of ferrous 
as of ferric iron is necessary, i e , quantities of ferrous sulfate or ferrous ammon- 
ium sulfate to give 3 to 4 Gm of ferrous iron (IS to 20 Gm of ferrous sulfate) 
A satisfactory solution which can be kept unchanged for seicral months is the 
following 

(A) Ferric ammonium sulfate (violet crjstals) 15 Gm 


Ferrous sulfate 15 Gm 

Distilled w'ater 100 cc 

(B) Hematoxylin 1 Gm 

Alcohol, 95% 50 cc 

Glycerin, chcmicallj pure 50 cc 


klix A and B in equal quantities 

While the foregoing type of solution is remarkably stable and cftcctne, it is felt 
that greater stability may be attained, and studies now' in progress indicate that 
such solutions can be attained At^riions’ Summauv 

Stomach Lavacc in the Diagnosis \xd Control or Treatment of Tubercu- 
losis A SrADNiciiENKO, S J CoiiEN and H C Swesny, J A kl A 

114 634, 1940 

Gastric lavage w'lll find tubercle bacilli that become free in the larger bronchi 
in a manner not equaled by anj' other method used at present Patients with 
tuberculosis m whom lavage of the stomach does not disclose tubercle bacilli 
include those with early minimal or moderately ad\anced lesions which ha\e 
remained isolated or ha^ e been confined to the pulmonary parenchyma or othcrw'isc 
have not disseminated bacilli into the larger bronchi , those w ith completely encap- 
sulated lesions, and those with extrapulmonary tuberculosis — tjpes of disease none 
of which discharge bacilli into the bronchi or pharynx Completely healed tuber- 
culous lesions and nontuberculous diseases yield uniformly negatne results by 
gastric lavage As gastric la\age seems to come nearer than any other method to 
finding all virulent tubercle bacilli, a negatne result should be adopted as the 
ultimate standard for absolute negativity or apparent cure of patients wdio have 
had or who have been suspected of having tuberculosis It is also useful m the 
elimination of frauds While gastric lav'age is not practical or even necessary for 
universal use, the efficiency of any method used or recommended for practical use 
may well be standardized by it It is an excellent method for controlling the 
efficiency of collapse therapj' It should be emphasized again that during collapse 
therapy the absence of tubercle bacilli in only one washing of the stomach does 
not necessarily signify that the disease is arrested The washings must be repeated 
at frequent intervals Especially is this true when the collapsed lung is leexpand- 
mg No patient with clinical signs of tuberculosis whose sputum is free from 
bacilli should be considered fiee from the disease until gastric aspiration has 
yielded negative results Authors’ Summary 

Aspiration Biopsy of the Liver P Iverson and K Roholm, Acta med 
Scandinav 102 1, 1939 

A method is described for aspiration biopsy of the liver By means of a simple 
instrument it is practicable to aspirate a tissue column measuring about 2 by 
15 mm , sufficient for an ordinary histologic examination This form of biopsy 
has now been performed one hundred and sixty times by the authors, it proved 
unsuccessful in 22 5 per cent of the cases It causes little inconvenience to the 
patient, and the risk involved appears to be slight A tendency toward bleeding 
IS a contraindication It is possible by this method to demonstrate the presence of 
acute and chronic inflammatory conditions, tumors, degenerative processes, obstruc- 
tion to the flow of bile, and other conditions Authors’ Summary 
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NEW YORK PATHOLOGICAL SOCIETY 

Alfrcd Plaut, Picsident 
Charles T Olcott, Scciefaty 
Rcgnlat Meeting, Dec 28, 1939 

Congenital Anomalies o£ the Coronary Arteries with Cardiac Hypertrophy 
in Infants Ber\l H Paige 

Two cases are repoited in which an anomalous origin of the left coronary 
artery from a pulmonari' arteiy resulted in necrosis, fibiosis and calcification of 
the left ventricle, Iwpertiophy of the heart and cardiac failure 

The first patient was a 7 week old Negro girl, with a histoiy of dyspnea This 
V as fii St noticed at the age of 2 weeks , thereaftei a hacking cough developed 
Three days before death the dyspnea became severe and progressively worse, the 
infant perspired excessively, showed pallor of the mucous membranes and nail 
beds, and felt cold The temperature was 98 6 F Enlaigcment of the heart was 
demonstrated by physical, fluoroscopic and roentgen examination Death occurred 
on the fourth day after the onset of acute symptoms 

The heart weighed 64 Gm , which is about three times the average normal 
weight for the age The right auricle was dilated, and the wall of the right 
ventricle was hypertrophied, measuring 6 mm in thickness No gross changes 
were visible in the myocaidium The left ventricle was dilated, the columnae 
carneae appeared as a meshwork of blanching strands beneath thickened endo- 
cardium, and the papillary muscles were atrophied and giay or yellow The wall 
of the left ventricle measured fiom 6 to 8 mm in thickness and showed extensive 
scars The right coronary artery originated from its normal site in the aorta 
and passed to the upper end of the posterior longitudinal sulcus The left and 
larger coronary artery arose from the pulmonary artery, behind the posterior 
pulmonic cusp, and gave rise to the anterior descending, circumflex and posterior 
descending blanches Microscopically, the myocardium of the left ventricle showed 
hypertrophy, vacuolation, necrosis and atrophy of the myocardial fibers, as well 
as fibrosis and calcification 

The second infant, a white pseudohermaphrodite, was admitted to hospital 
because of a sudden onset of cough, Iistlessness, pallor and attacks of cyanosis 
The temperature was 97 8 F The alae nasi were dilating, and respirations were 
lapid and irregular The heart rate was rapid, a forceful cardiac impulse was 
felt over the entire chest, and a rhythm suggesting a gallop rhythm was detected 
Enlargement cl the heart was demonstiated by fluoroscopic and roentgen examina- 
tion An electrocardiogram showed right preponderance and inverted TI waves, 
and the deformity of the QRS complexes indicated myocaidial damage The 
patient improved temporarily in an oxygen tent, but, following a lecuiience of 
dyspnea and cyanosis, died at the age of 2j4 months, twelve days after the onset 
of symptoms 

The heart weighed 64 Gm The light auricle was dilated, and the wall of the 
right ventricle was hyperti opined The left ventricle was dilated, and its endo- 
cardial surface was trabeculated , the papillary muscles weie atrophied and con- 
tained yellow flecks, the myocardium showed extensive scarring The right cor- 
onary artery was normal in its origin but divided into two branches, one of which 
passed to the left, anterior to the base of the aorta and pulmonary artery, to the 
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uppei end of the anterior longitudinal sulcus Tlie other branch was small and 
coursed through the light aunculoventriculai groove to the superior end of the 
posterior longitudinal sulcus The left coronarv arterj arose from the right pul- 
monary artery, just distal to the bifurcation of the mam pulmonary tiunk It 
gave rise to the anterior descending brancii and the circumflex branch, which 
could he traced down the posterior longitudinal sulcus for a distance of 1 cm 
Microscopic lesions essentiallj similar to tliose found in the first case were present 
111 the mjmcardium of the left ventricle 

The myocardial injury in such cases is belieied to be due to anoxemia of the 
portions of the myocardium receiving venous blood Hence the extent of the 
lesions IS dependent on the extent of distribution of the left coronary arterj 
Consequently, there may be a localized aneurysm of the left ventricle or the diffuse 
damage of the myocardium demonstrated m the 2 cases presented Relatively few 
cases of congenital heart disease have been reported m which an anomalous 
origin of the left coronarj arterj from a pulmonary arterj is the significant and 
usually the onlj’' cardiac malformation The condition is not limited to children, 
m 14 of 21 collected cases the patients were infants, all of whom died during the 
first j^ear of life 

DISCO SS ION 

Alfred Plalt Mas there diffuse fibrosis of the endocardium^ 

Beryl H Paige Theie vv'as fibrosis of the endocardium, with marked 
thickening 

Alfred Plaut Did the thickened endocardium contain manj elastic lamellas^ 

Bervl H Paigf a stain for clastic lamellas was not used 

Alfred Plaot I am asking this question because theie is a group of cases 
in the large chapter of the so-called idiopathic cardiac hj’pettrophj'' of the infant 
m which diffuse fibrosis ot the endocardium seems to be a prominent factor 
Among the cases I have seen I did not observe any such malformations of tiie 
coronary arteries as were described by jou 

Bervl H Paige I have seen such malformations described in cases in which 
the endocardium was tliickencd Malformations arc not limited to such cases as 
these 

Alfred Plaut klay I ask another question, vvitiiout reallj expecting an 
answer^ Wnat is j'our opinon as to the cause of the cardiac hj pertrophj' ? 

Bervl H Paige It has been looked on as diffuse hjpertrophy following 
damage to the left ventricle Bland and MHiite consider it compensatory hjper- 
trophy of the entire heart 

Alfred Plaut The same condition is found without any anomalj' of the 
coronary arteries 

Dr Mueller I should like to ask whether there was anj' particular patho- 
logic feature in the mothers Sometimes these pathologic conditions m infants 
are reflections of maternal conditions 

Beryl H Paige I was not able to find any evidence of disease or abnor- 
mality in the mothers I went over the histones carefully, and there was nothing 
to indicate maternal disease or congenital malformations 

Acute Hemolytic Anemia and Tubular Nephrosis with Uremia Resulting 
from the Administration of Sulfapyridine (2-[Paraaminobenzene- 
Sulfonamido] -Pyridine) J M Ravid 

A case is reported of fatal acute hemolj'tic anemia and uremia resulting from 
administration of sulfapyridine in the treatment of pneumonia in a man 70 years 
of age It occurred on the thud day of treatment and after a total intake of 
only 8 Gm of the diug The clinical featmes were those of acute hemolytic 
anemia, with a sudden drop in hemoglobin to 58 per cent and in the erythrocyte 
count to 2,700,000, leukocytosis, reticulocytosis, fever, jaundice, oliguria progress- 
ing to total anuria, and uremia The urine contained urobilin, and 10 per cent 
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of Its volume consisted of packed led blood cells and hemoglobin The blood urea 
nitrogen was 222 mg , nonprotein nitrogen 258 mg , uric acid 10 8 mg , cholesterol 
310 mg , dextrose 421 mg , and ci eatinine 8 8 mg , per hundred cubic centimeters 
The icteric index was 30 5, and a direct positive van den Bergh reaction was 
obtained The sulfapvridme content of the blood was 11 5 per cent The patient 
had complete anuna for the last thirtj-six hours of his life The mam anatomic 
lesions were twofold first, those secondary to the resulting hemoglobinemia and 
hemoglobinuria, viz , obstruction of the renal tubules b> casts of hemoglobin pig- 
ment and its derivatives and hemosiderosis of the liver, kidneys and reticuloendo- 
thelial sjstem, and, second, those produced apparently by direct toxic action on 
the hepatic and lenal epithelium The lattei lesion was slight The lesion m the 
liver consisted mainly m C3topIasinic vacuolation and accumulation of fat, which 
was more or less cential m distribution The salient lesion m this case, the renal 
lesion, which resulted in complete anuna and fatal uremia, consisted in blockage 
of the tubules with pigment fiotn hemoglobin and its derivatives and, to a lesser 
degree, in degenerative changes m the tubular epithelium proper 

This blockage was noted mainly m the region of Henle’s loops, the recurring 
limbs and the collecting tubules , the proximal segments of the tubules were 
dilated A few calcium deposits in the tubular casts were also noted 

The clinicopathologic picture induced by sulfapyridine is not a syndrome sui 
generis for this drug alone but appears analogous to those encountered m death 
following transfusion of incompatible blood (a number of cases), m death follow- 
ing experimental transfusion, m blackwater fever, paroxysmal hemoglobinuria, 
occasional!}’- m quinine poisoning and m poisoning with certain other chemicals 

The formation of urinaiy calculi composed of acetjl sulfapyridine crystals, 
alone or in combination with calcium salts, must also be taken into account in the 
consideration of the toxic effects of sulfapyridine on the urinary apparatus in 
general 

Careful daily observations of a patient receiving sulfapyridine with regard to 
the blood picture and the renal function and the immediate discontinuance of this 
drug on detection of any deleterious effects on the kidneys or blood should, 
among other things, be the guiding principle in treatment with sulfapyridine 

DISCUSSION 

Milton Helpern Some months ago I had occasion to make an autopsy on 
the body of a young man who had ingested two tubes of a well advertised brand 
of tooth paste, which has a high content of potassium chlorate The clinical 
course was attended by methemoglobinemia, hemoglobinuria and retention of 
nitrogen in the blood The kidneys weie very similar to those which Dr Ravid 
described tonight, they were swollen, especially the cortices, and severe degenera- 
tion of the convoluted tubules was evident microscopically The collecting tubules 
were all distended with hemoglobin casts The urine found in the bladder at 
autopsy contained a large number of thick, long, coarsely granular hemoglobin 
casts 

J M RA\nD Dr Helpern’s case is a striking one, and the condition appears 
to belong to the same class of nephropathies which I have described, namely, 
chemical obstructive and degenerative nephrosis 

Visceral and Vascular Lesions in Scleroderma Abou D Pollack 

The association of visceral and vascular lesions with scleroderma suggests that 
scleroderma may in certain instances represent merely a local manifestation of a 
disease state in which widespread alterations can be found in many other organs 
and tissues of the body 

Two cases of scleroderma showing certain similarities in clinical course are 
presented Preceding the full development of the sclerodermatous change, each 
patient experienced premonitory circulatory disturbances in the extremities Both 
had arthropathy, evidence of active renal disease, anemia, leukoc 3 ’tosis and fever 
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Anatomically, the most striking change is a fibiinoid deposit in the walls of 
small artel les and arterioles in many organs In the first case the fibrinoid 
deposits weie limited almost exclusivel}'’ to the intima In the second, the 
fibrinoid degeneration w'as found throughout the ■vessel w'all The intimal pro- 
lifeiation and periarterial inflammation recall the vascular lesions seen in peri- 
arteritis nodosa The vascular lesion is most evident in the kidnejs In the second 
case the kidneys showed, m addition to the vascular changes, a peculiar tjpe ol 
glomeiulonephritis, wnth the so-called “wnre loop” changes, as seen m disseminated 
lupus erythematosus 

The genesis of the vascular and mesenchymal alterations in both cases is, at 
the present time, uncleai It is apparent, however, that certain forms of sclero- 
derma must be considered together with that pu77hng group of conditions w'hich 
have been called “toxic” or “allergic” diseases These include disseminated lupus 
erythematosus, deimatomyositis and pcnarteiitis nodosa 

DISCLSSIOX 

George Baeiir Clinically, scleroderma represents a degenerative and atrophic 
lesion m the skin, it is a svmptom of disease and not a disease entitv It occurs 
most commonly in persons w ho ha\ e a S3’’mpathetic \ asomotor disturbance, so-called 
Raynaud’s disease As a result of long-standing Rajnaud’s disease sclerodermatous 
changes occur in the skin of the extremities, face and other parts of the bodj 
Similar localized disturbances occur in the skin of the extremities secondarv' to 
various forms of joint disease of the hands and feet 

The case of diffuse sclerodeima with visceral and vascular lesions w'hich 
Masugi described seems to be identical w'lth the cases which Dr Pollack has 
presented and wnth the case wdiich Talbot, of Boston, described last jear It 
seems to me that these 4 cases do constitute a disease cntitj In making this 
statement, I should emphasize again that this is onb one form of diffuse sclero- 
derma I think It W'ould be w’rong to give the impression that all cases of diffuse 
scleroderma necessarily belong in this group, for scleroderma in itself is merely 
a superficial manifestation possiblj' of a variety of different conditions Similarlv, 
an eiythema on the bridge of the nose spreading in a butterfly fashion on tlie 
malar eminences of the face does not in itself warrant a diagnosis of lupus 
erythematosus in the absence of the complete clinical picture An erythema of 
this type and in this location can be due to other causes 

In the 2 cases wdiich Dr Pollack described, and those of klasugi and Talbot, 
one has a common group of clinical and pathologic phenomena — in other words, 
a distinctive clinical picture and pathologic process There are a long, inter- 
mittently febrile course, progressive changes in the skin charactci istic of sclero- 
derma, urinary evidences of changes in the blood vessels of the inteinal organs 
and a tendency toward inv'olvement of joints and serous membranes 

I had the opportunity to study both patients clinically, the man six months 
before scleroderma developed The persistent presence of led blood cells m the 
urine indicated to me, even at the first observ^ation of the patient, that there must 
be some vascular lesion in the visceia The tendency to swelling of the hands 
and feet and the peculiai glovelike cyanosis of the hands I felt obliged to ascribe 
to vascular phenomena resulting in stasis in capillarj’- circulation, perhaps most 
significant on the venous side of the capillary bed Only after many months did 
this obscure vascular disturbance result in almost universal scleroderma In 
addition to the clinical evidence of vascular disease in the kidneys, these patients 
had involvement of the synovial membranes of the joints and of the seious mem- 
branes of the pericardium, pleura and peritoneum The first patient had con- 
spicuous leukopenia at one time and a tendency tow^ard depression in the 
hemoglobin and red cell count In other words, the clinical pictuie, as well as 
the pathologic process in the vessels and serous membranes, bears a close resem- 
blance to the clinical phenomena and the lesions seen in lupus erythematosus, and 
yet the cutaneous manifestations are so different 
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Concerning the cause of the condition, I think it is best to confess complete 
Ignorance It seems to me to be unwise to label the condition allergy or to use 
any other obscure term, for this would merely serve to hide the fact that one 
has not the ghost of an idea what the essential nature of the process may be It 
IS important now in considering all cases of diffuse scleroderma that one be 
aware of the fact that in some of them the condition may represent a diffuse 
systemic disease affecting not only the skin but vascular structures throughout the 
body, as well as the serous membranes and the synovial membranes, and that it 
may fit into a disease entity having some relationship perhaps to diseases like lupus 
erythematosus and dermatomyositis 

J M Ravid I should like to ask Dr Pollack concerning the course of the 
blood pressure in tlie first case and the course of the renal function in both cases 
during the progress of the disease 

Abou D Pollack Both patients had normal blood pressure throughout their 
illnesses until the terminal event, when the blood pressure rose to a high level 
only just before death In the first case no special studies of the blood were made 
in relation to renal function, in the second case there was terminal retention of 
nitrogen 

Certain Diseases Observed in North China C H Hu (by invitation) 

This was a brief presentation, with over 80 photographic illustrations, of certain 
diseases observed in the Peiping Union Medical College, Peiping, China The 
diseases included follicular hyperkeratosis due to avitaminosis A, nutritional 
edema, typhoid fever, bacillary dysentery, leprosy, tuberculosis, syphilis, relaps- 
ing fever, typhus fever, kala-azar, amebiasis, schistosomiasis, cysticercosis , 
echinococcus infection , Laennec’s cirrhosis , thromboangiitis obliterans, and various 
kinds of tumois <r 



Alfred Plaut, Piesident 
Charles T Olcott, Secietmy 
Aninveisaiy Meeting, Jan 25, 1940 

Thromboarteritis of the Pulmonary Artery with Chronic Obstruction in 
the Pulmonary Circulation B M Vance 

A white man 52 years old fell downstairs, sustaining a laceration of the scalp 
in the right parietal region, after which he was unconscious for several minutes 
Several hours later he became markedly dyspneic and cyanotic He died after siv 
days, with evident signs of right-sided cardiac failure 

The necropsy disclosed a muscular, slightly obese white man with a laceration 
of the scalp as noted, but no other sign of injury The skull and brain were 
normal The right ventricle and auricle of the heart were markedly distended 
and hypertrophic, while the left ventricle and auricle were small in comparison 
The aorta, coronary arteries, cerebral arteries and femoral arteries and veins were 
normal aside from slight intimal sclerosis The lungs were well aerated anteriorly, 
but posteriorly they showed a few depressed areas of atelectasis The air passages 
were normal The mam stem of the pulmonary artery and its right and left 
branches were occluded with a fragile, grayish red thrombus The larger blanches 
of the intrapulmonary arteries were filled with a firm, layered thrombus, 
while the arteries 2 to 6 mm in diameter had thick fibrous walls and contained 
recent thrombi here and there The pulmonary veins were normal Other con- 
ditions found at necropsy weie passive congestion of the liver and spleen, slight 
subcutaneous edema around the ankles, moderate arteriosclerotic changes m the 
kidneys, cholelithiasis, slight prostatic hypertrophy and an old false joint m the 
shaft of the left ulna 
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Micioscopic examination of the pulmonary arteries disclosed that the \essels 
of 2 to 6 mm caliber weie narrowed or occluded by marked proliferation of the 
subendothelial connective tissue, which was extensively canalized b\ minute dis- 
tended blood vessels In some arteries the canalized tissue filled the lumen, but 
in others it narrowed the lumen and pushed it to an eccentric position The elastic 
layer of these arteries showed widespread splitting The larger vessels contained 
organizing thrombi, with polymorphonuclear leukocytes grouped in the \csscl wall 
around the thiombotic area In some regions the large trunks of the pulmonarj 
artery were edematous because of fluid in the tissue spaces In other areas the 
vasa vasorum were distended and surrounded by numerous lymphocjtes The 
smallest pulmonary arteries were normal except for a feu %essels uhich showed 
cellular proliferation of the subendothelial tissue and nai rowing of the lumen 
There was no atheromatous dcgeneiation or calcification in any of the pulmonar} 
vessels 

The principal lesion in this case was nonspecific aiteritis of the pulmonarj 
artery associated with thrombus formation, which caused gradual narrowing of 
the lumen of the artery and chronic obstruction in the pulmonary cnculation The 
etiologic factor in this case could not be determined, but the process had apparentlj 
started in the medium-sized arteries of the lungs and from there extended to the 
larger trunks 

mSCLSSION 

Andrea Saccone I should like to ask if the vessels of the other organs, the 
spleen and the kidnej, were investigated, because manj times this tipc ot pathologic 
picture in the lung is associated with proliferative cndaiteritis in the otlier organs 

Alfred Plaut What w'as the profession of the patient’ 

E M Vance He w'as a janitor What his profession was bcfoie that I was 
not able to ascertain 

Alfred Plaut I had a special reason foi asking that question In going o\er 
the literature of pulmonary thromboarteritis I found some relative predominance 
of the condition m gardeners and in people w’ho might have been exposed to lead 

In 1935 at the Medical Fortnight I exhibited a case of pulmonary endarteritis 
which differed from the case w’hich Dr Vance presented in that the disease 
attacked the smaller vessels 

B M Vance The other arteries of the body show'cd a slight amount of endar- 
terial change, a thickening of the intima of the usual arteriosclerotic tjpe, which 
was not particularly pronounced There was slight phlebosclerosis of the right 
femoral vein The bronchial artery on section exhibited definite narrow'ing of its 
lumen due to arteritis obliterans The aorta w'as normal except for slight intimal 
sclerosis The arteries in the other organs of the bodj were normal 

Contralateral Adrenal Atrophy Associated with Cortical Adrenal Neo- 
plasms Tobias Weinberg 

The purpose of the presentation of the 3 cases of adrenal cortical neoplasm is 
to reemphasize the frequent occurrence of contralateral adrenal atroph}-^ in associa- 
tion with such a neoplasm All 3 patients were women, and all presented 
the Cushing syndrome Two w^ere operated on and found to have cortical adenoma 
Both died postoperatively The third w'as found to have carcinoma of the adrenal 
cortex wnth metastases in the liver and lungs In all 3 cases the contralateral 
adrenal was definitely atrophic A review of the literature for the past fourteen 
3 ’^ears yielded 34 cases of adrenal cortical neoplasm in w'hich the clinical diagnosis 
of the state of the adrenals was confirmed by autopsy In 21 of these cases, or 
approximately 62 per cent of the total number, the contralateral adrenal show'ed 
atrophy 

It IS suggested that in order to prevent the high mortahtj’’ incident to opera- 
tive intervention, desoxycorticosterone pellets, for example, be implanted at an 
adequate time before operation so that they may ha\e effect, also that once the 
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diagnosis of an adrenal coitical neoplasm is made, operation should not be 
delayed, so that functional inactivation, if not actual atrophy of the contralateral 
adrenal, may be avoided 

Influence o£ Sulfanilamide and Sulfapyndine on the Evolution of Experi- 
mentally Induced Pneumococcic Pneumonia in Rats David Goldstein 
( by imitation) and Irving Graef 

This paper will be published m a later issue of the Archives 

DISCUSSION 

Reuben Ottenberg Were pneumococci found in the abscesses in the treated 
animals, oi were they sterile abscesses^ 

S C Bukantz (by invitation) From the charts it appeared that the first 
negative cultuies from the lungs of treated animals were encounteied on the 
fifteenth to eighteenth days Later on it was brought out that bacteria were not 
present in the lungs of the treated animals twenty-four hours after treatment Is 
there a difference between spread and culture? I wondered whether any studies 
of the concentration of the drugs in the blood were done to give some idea of 
what levels were reached in the respective groups of treated animals, and whether 
the treatment was ever varied so as to begin at intervals longer than two hours 
after inoculation of the pneumococci 

David Goldstein In reply to Dr Ottenberg’s question, theie were several 
abscesses in fifteen day animals which failed to reveal pneumococci on careful 
study both by stains and culture However, some of the abscesses in the treated 
animals put to death at four and five days revealed the presence of pneumococci 

A question was raised about confusion in the reports of the negative cultures 
I think that can be clarified by considering again the mode of presentation of the 
results in the charts Only positive cultures were recorded against the total 
number of animals for each day Thus, at one day there were 12 sulfanilamide- 
treated animals, 5 of which were shown to have positive lung cultures As time 
went on, the incidence of positive lung cultures grew less frequent On the second 
day there were 3 positive cultures for 8 animals, on the fourth day 2 for 9 
animals, and for the 8 animals of the fifteenth day there were no positive cultures 
Sulfapyndine yielded similar results 

S C Bukantz Then that is the first time when all animals m a group gave 
negative lung cultures? 

David Goldstein Yes The fifteenth day was the first time that all cultures 
were sterile In reply to your other question, we determined the concentration 
of the drug in the blood in our experiments with sulfapyndine We made no 
determinations in the experiments with sulfanilamide but used Marshall’s data 
on rats as a standard, from which it was possible to estimate the level of sulf- 
anilamide to be 15 mg per hundred cubic centimeters The level of sulfapyndine 
in 4 rats was determined to be approximately 20 mg per hundred cubic centimeters 
It varied between 14 and 26 mg per hundred cubic centimeters 

S C Bukantz What length of time elapsed between the administration of 
sulfapyndine and the determination of the concentration of the drug in the blood? 

David Goldstein One estimation was made four hours after the administra- 
tion of the drug, and that was 14 mg per hundred cubic centimeters With the 
same dose of 200 mg daily there apparently was a cumulative effect, so that the 
concentration rose to 26 mg per hundred cubic centimeters on the third day 

We have a small series of 8 rats in which delayed treatment was studied These 
were thought too few for presentation Half of this group survived, and half died 
They were all critically sick, and those which died, died shortly after the first 
treatment The results in those which survived and were put to death on the 
tenth day roughly paralleled the results in the treated rats presented this eiening 



864 


ARCHIVES OF PATHOLOGY 


Aplastic Anemia Cornflius P Rhoads (by invitation) 

A clinical and pathologic study of anemias refractory to treatment with accepted 
hemopoietic agents is reported 

The histologic changes of the bone marrow are described, and the changes 
present in the idiopathic disease are compared with those found in clinically similar 
conditions of known toxic nature 

The natural history and the symptom complex of the disease arc discussed as 
observed in the 66 cases included in this report, and particular reference to 
remissions is made 

Studies of the metabolism of bile pigments in patients with refractory anemia 
are reported, and the results compared with the results m similar studies of noimal 
persons 

The excretion of porphyrins in refractory^ anemia and m other disorders of the 
blood IS discussed, since evidence lecently' presented by Dobriner sliows that the 
rate of excretion of coproporphyrin type I may be used as an index of the rate 
of cell formation by the marrow and that type III is a pathologic product 

The results of tests of liver function in 21 of the cases m the senes are pre- 
sented and discussed 

The results of test of ability to conjugate cyclic compounds into sulfates and 
glucuronates are reported and the significance of these results considered 

The relationship of refractory anemia to leukemia is mentioned 

Finally^ certain considerations of causes and of treatment are discussed, and the 
histologic changes in idiopathic refractory anemia compared with those of refrac- 
tory anemia of known toxic cause in animals 

DISCUSSION 

Charles L Fox Jr Dr Rhoads mentioned Dr Rimington’s and Dr Brown- 
lee’s work on porphyrins in the urine of animals treated with sulfanilamide and 
various antipyretic drugs They show'cd that methemoglobinemia paralleled the 
excretion of the type III porphyrin Do your studies show' such a parallelism? 

Cornelius P Rhoads No, my associates and I ha\e never found consistent 
methemoglobinemia m these patients There is a hitch to the work of Rimington 
and Biownlee, since their work w'as done principally on rats They showed that 
rats had an increased output of type III porpliyrin w'hen poisoned by certain 
compounds w'lth aromatic amines We are not at all sure that normal rats do 
not excrete ty'pe III porphyrin instead of type I as does man We have showm 
that type III porphyrin is excreted by normal rabbits, and w'Ork on rats is in 
progress 


CHICAGO PATHOLOGICAL SOCIETY 
S A Levinson, Picstdent 
Edwin F Hirsch, Seaetaiy 
Regular Monthly Meehng, Jan 8, 1940 

Radiosensitivity o£ Primary Carcinoma of the Lung and the Effect of 
Irradiation on Time of Survival Paul E Steiner 

Twenty-one primary carcinomas of the lung which had been treated with 
known amounts of roentgen rays were studied post mortem Marked degenera- 
tive changes were observed m some, but in none was the therapy lethal for all 
of the tumor cells, although the therapeutic dose was as much as 5,000 roent- 
roentgen treatment than adenocarcinoma and squamous cell carcinoma Marked 
gens Contrary to the anticipated result, undifferentiated cell carcinoma appeared 
to be more radioresistant or to have a higher degree of recuperability following 
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cell degeneration was seen in 2 squamous cell carcinomas treated with 1,670 r 
and 1,490 r, respectively, although in others larger doses produced no visible 
effects The carcinomacidal dose for primary cancer of the lung appears to be 
over 5,000 r In tissue from a small frontal bone metastasis of an undifferen- 
tiated cell type of pulmonary cancer 3,800 r had destroyed all tumor cells The 
tissues of the lung, pleura, pericardium, heart and esophagus adjacent to the 
tumors had no recognized damage from the irradiation The histologic effects 
of irradiation on the tumor cells resembled those described by others for other 
types of tumor The average time of survival from the date of the first treat- 
ment in five patients whose cancers were given over 3,000 r was one hundred 
and thirty-one days Life was not notably prolonged m the group whose cancers 
were irradiated when compared with a group of 53 whose cancers were not 
irradiated 

This paper will appear, with details of histologic changes, the technic of 
therapy and illustrations, in the Aichwcs of Internal Medicine 

DISCUSSION 

P J Melnick It IS encouraging to note an increasing interest in the study 
of tissue changes induced by radiant energy The histologic changes that I have 
observed in human and animal tumors are the same as those demonstrated, and 
my understanding of them is the same I shall emphasize two features The 
rate of delivery of radiant energy is significant, i e , high intensity over a short 
period in contrast with low intensity over a longer time Large doses in a 
short time cause necrosis, fractional doses cause retrogressive changes in the 
cells, due to cumulative effects Also, certain tumor tissues show the full cumu- 
lative effect, but the small cells, according to Dr Steiner’s report, do not The 
reason is not known 

H C SwEANY Is there any evidence that small doses stimulate growth of 
the tumor? How were the biopsy tissues taken? 

I Pilot Did roentgen films demonstrate shrinkage of the tumors during 
treatment ? 

S R Rosenthal Certain bronchial tumors contain anaplastic tissues, occa- 
sionally tubules, and are termed adenoma 

S A Levinson Was there a difference in the incidence of metastases as 
between irradiation and nonirradiation? 

Paul E Steiner Nothing was observed to suggest that small doses of 
radiant energy accentuated the growth of the tumors Some biopsy tissues were 
obtained through the bronchoscope, other tissues for control were metastases not 
subjected to radiation There were 2 “adenomas” in the material studied They 
were comparatively benign but spread by continuous slow growth Graham has 
spoken of them as mixed tumors There was no difference m the development 
of metastases in the treated and untreated groups 

Effect of Colchicine on Human Tissues W O Brown 

Colchicine produces a diminution in the size of experimental tumors, as well 
as nuclear changes in the cells of almost all parenchymatous organs The effects 
of colchicine are most prominent in cells undergoing mitosis, which may be 
arrested for a variable time Bizarre nuclear configurations result, and not 
infrequently cell death Three patients with inoperable malignant growths died 
m the course of colchiane treatment The results of the autopsies indicate that 
the action of colchicine is not selective but that its effects are most marked on 
those cells having a high rate of metabolism and mitosis There is nothing 
specific about the morphologic appearance of the cells arrested by colchicine 
Identical changes are frequently found in routine autopsy material, without refer- 
ence to the cause of death Owing to the depressing effect on bone marrow, 
agranulocytosis and aplastic anemia occur frequently An observation not recorded 
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pieviouslv IS the pioduction of peripheial ncuiitis with fattj degcneiation of 
the myelin sheaths 

The complete leport wnll be published elsewhere 

DISCUSSION 

Paul E Steiner Is there enough evidence in patients or c\pcnment3lI^ 
in animals to justify continued use of the drug? 

A B Ragins In my studies of tumor tissues wnth colcliicnie tlierapi, tlie 
giowth of cells seemed to have been halted in the metaphase 

F Queen Were these patients killed bv the colcliicnie lherap> ? 

W O Brow^n There arc only a few' experimental studies on the eftects 
of colchicine in animals Dustin in 1908 noted that larger doses caused ana- 
plastic anemia and that small doses stimulated the bone marrow' Apparenth 
the arrest of tumor tissue growth is in the metaphase The nuclear changes 
later lead to the conditions observed In 2 patients dcatii resulted from agranu- 
locytosis caused by the colchicine, although both patients had extensne carcinoma 

Tetralogy of Eisenmenger M Llv 

The types of congenital abnormality of the heart that peiniit sunnal to 
adult life are relativel}' few Among tlicse are the tetralogy of Fallot and the 
tetralogy of Eisenmenger The tetralogy of Fallot consists in a dextroposition 
of the aorta a defect of the interventricular septum, right ventricular hyper- 
trophy and stenosis of the pulinonaiy tract The tctialog\ of Eisenmenger differs 
from that of Fallot in not including pulmonary stenosis Instead, the pulnionan 
artery is either noinial in size or, more often, is dilated A 19 jear old youth 
was thought clinically to have the tetralogy of Fallot with mitral stenosis At 
autopsv the tetralogy of Eisenmenger was found w'lth stenosis of the mitral 
orifice Both the aorta and the pulinonaiy artery emerged from the right ven- 
tricle The only outlet of the left \entricle was a defect of the ventricular septum 
in the region of the pars membranacea The pulmonary artery was wider than 
the aorta The outlet regions of the arterial trunks were separated by an arch 
of musculature at the base of the right ventricle In addition there were coarc- 
tation of the aorta, a patent ductus arteriosus, an abnormall} formed left auricular 
appendage and marked mitral stenosis From the standpoint of transposition, 
this anomaly is type II, according to Spitzer, or a partial transposition, according 
to Rokitansky The embryologic explanation of this anomaly is part of the 
general explanation of transposition which will be discussed in another com- 
munication The tetralogy of Eisenmenger may be classified according to the 
degree of transposition into (a) transposition with an aiieurj'sm of the mem- 
branous septum (the case of Libman and Abbott belongs here), (ii) a riding 
aorta with a defect of the interventricular septum (this includes most of the 
cases recorded in the literature) and (c) partial transposition, in w'hich the aorta 
and pulmonary artery arise from the right ventricle This case apparently is the 
only one of the last variety to be recorded in the liteiature It also seems to be 
the only one on record complicated by stenosis of the mitral orifice, the result 
of an old acquired endocarditis 

DISCUSSION 

O Saphir The anomaly winch Eisenmenger described was regarded at fiist 
as the tetralogy of Fallot Appreciation of these anomalies is not so difficult if 
one remembers that the disturbance is due to torsion defects of the bulbus 

Acute Necrosis of the Adrenal Glands with Tryparsamide Therapy 
M G Bohrod 

Wells, Humphreys and Work reported selective neciosis of the adrenal glands 
in a woman who received germanin (Bayer 205) for pemphigus They suggested 
that the increase m Addison’s disease due to cortical atrophy may be the lesult 
of toxic destruction by some drug or drugs as yet undisclosed A man aged 51 
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3 eais leceivecl twelve injections of ti\parsamide foi dementia paralytica He died 
within a half houi aftei the twelfth injection, apparently in shock Necropsy 
showed, in addition to the lesions of dementia paralytica and syphilitic aoititis, 
marked swelling and hemoirhagic neciosis of both adienal glands The two 
weighed 50 Gm Histologically, both cortex and medulla were necrotic, but 
small islands of coitical and medullary cells were apparently intact No other 
cause for the adrenal necrosis was found, and it seems that the tryparsamide 
injected mav have been the cause Attempts to produce adrenal necrosis m animals 
by injections of tivpaisamide have failed Germanin and tryparsamide have no 
ob\ious chemical similarity Both drugs are effective in the treatment of trypano- 
somiasis This suggests a pharmacologic similarity, because the only 2 cases 
in which a diug may have been the cause of necrosis of the adrenal glands had 
this similaiitj' of tlierapeutic action While this report strengthens the conception 
of Wells and his associates that diugs may be lesponsible for the mciease of 
coitical atrophv of the adrenals, there is the possibility that acute infections, 
principallv meningococcic infections, may be associated with necrosis of these 
glands In a case in w'liich the condition accompanied lobar pneumonia, throm- 
bosis was present in one gland but not in the other, suggesting that thrombosis 
of the adrenal vein, often claimed as the cause of adrenal neerosis, may be 
secondarj to the necrosis 

DISCUSSION 

E kl Humphreys This report adds another diug to the small numbei which 
seem to ha\e some relation to selective necrosis of the cortex of the adrenal 
gland Since our report (JAMA 109 490, 1937) 2 more cases in which treat- 
ment with germanin (Bayer 205) w'as followed by necrosis of the adrenal cortex 
have been published (Tomlinson reported one of these [Atch Do mat & ^yph 
38 555, 1938]) Some experimental studies have demonstrated that germanin 
causes selective necrosis of the cortex w'lthout affecting the cells of the medulla 
Paul R Cannon I have recently observed focal necrosis in the cortex of 
both adrenal glands with phenobaibital poisoning and subsequent agranulocytosis 
S R Rosenthal Sulzbeiger observed varying results with arsphenamme 
in animals, results which he was unable to explain Perhaps some dietary con- 
dition IS a determining factor 

0 Saphir There are two different diseases m the adrenal glands (1) hemor- 
rhage with necrosis of both cortex and medulla and thrombosis of the veins and 
(2) selective necrosis of the cortex without injury of the medulla Atrophy of 
the cortex with focal regeneration probably does not occur after diffuse necrosis 
M G Bohrod I do not think that a causal relation between the drug and the 
lesions has been established in this case Nor does thrombosis explain all of the 
changes 


PATHOLOGICAL SOCIETY OF PHILADELPHIA 
J H Clark, Piesident 
H L Ratcliffe, Seoetaiv 
Regula} Meeting, Jan 11, 1940 


Larvae of Multiceps Serialis m a Gelada Baboon Possible Relation to 
Hydatid Disease H L Ratcliffe 

Multiceps serialis is one of a group of cestodes which utilize various herbivorous 
mammals as intermediate hosts and complete their development in the intestines 
of dogs Because the larvae attain considerable size, the larval stages of these tape- 
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worms are much better known than their maturity Certainly tlie best known 
of these larvae is the hj^datid cyst of Echinococcus granulosus 

Occasionally, instead of growung as a single cjst, Echinococcus assumes a multi- 
locular form w'hich lacks a limiting capsule and infiltrates surrounding tissues in a 
manner suggesttive of a malignant tumor Both forms of cyst locahre most fre- 
quently m inteinal organs but at times maj' in\ohe skeletal muscles or subcutan- 
eous tissues 

The larva of Multiceps serialis also develops as a multilocular cystic mass that 
infiltrates and destroys adjacent tissues, a feature w'ell illustrated in the present 
case 

An adult male baboon, Theropitliicus gclada, had been exhibited at the Phila- 
delphia Zoological Garden for about five 3 cars This animal, as is characteristic 
of the species, had a thick mass of long hair co\ering the neck and shoulders, 
so that a subcutaneous mass w'ould not be seen until large enough to displace this 
hair, unless the animal w'as restrained for examination The presence of the para- 
site was not suspected until the overlying skin had ulcerated The animal died 
of circulatory collapse about twche hours after he had been ancsthetired for exami- 
nation The large multilocular C3stic mass which had developed in the subcu- 
taneous tissues and superficial muscles of the shoulder and arm corresponded cquall} 
W'ell to descriptions of Echinococcus miiltilociilaris and klulticeps scriahs How'- 
ever, examination of scohees from the C3st show'cd that it was an example of the 
latter organism Differentiation of the tw'O parasites, w'hile cntireK of academic 
interest, must depend on the morphologic appearance of scohees from the evsts, since 
it IS not possible at present to distinguish them b}' serologic tests 

Neuropathologic Study of a Case of Tetanus W P Jnxx’ixcs and R P 

Custer 

A 3’’Oung w'hite w'oman was admitted to the surgical scrMce of Dr John C 
Howell at the Presb3'terian Hospital wuth tetanus, w’hich had de\ eloped sixteen 
days after lodgment of a w'ooden splinter in the left knee Tetanus antitoxin w'as 
given prophylactically, but the splinter was not located until autops} , 84,000 units 
of serum was given therapeuticall3'’ A serum reaction occurred, and, following 
further administration of the serum, shock dc\ eloped , this subsided, but the w oman 
died soon thereafter, on the da}’’ following admission, in an exaceibation of the 
disease 

Postmortem examination disclosed the foreign bodj’’ m the soft tissues of the 
left knee, localized by proliferating fibrous tissue Tetanus bacilli were rcco\ercd 
from pus m the wound There was marked degeneration of all of the organs, 
with extensive hemolysis The brain w'as tightly applied m the cranial cavity, the 
tissue was softened, the spinal fluid was increased, and there w'as maiked cerebellar 
coning The meninges appeared normal Cut surfaces were markedlj'^ engorged, 
and there w^as staining of the tissues wuth blood penvascularly Spinal cord tissue, 
particularly the cervical and thoracic segments, appeared edematous and congested 
The lesions of the nervous system were predominantly degeneratne There w^as 
degeneration of the third and fourth cerebral cortical layers, wuth acconipan3ung 
gliosis and widespread vascular endothelial proliferation The ganglion cells w'ere 
undergoing chromatolysis Tract demyehnation, particularly in the region of the 
fourth ventricle, was noted Cerebellar granular and molecular layers were degen- 
erated, and the Purkinje cells were undergoing extensive chromatolj’^sis A section 
of the sciatic nerve underlying the site of infection show^ed extensive loss of fibers, 
demyehnation and perineural proliferation A corresponding section of the right 
sciatic nerve was edematous, and there was demyehnation wuth sheath proliferation 
of lesser extent The process involving the right sciatic nerve w'as interpreted 

as predominantly an acute degenerative process, m contrast to a more chronic 

process with reactive phenomena in the sciatic nerve on the involved side Finally, 
all the tissues showed evidence of hemolysis 

The papers of Abel may be recalled in w’hich he favored a peripheral and a 

central action of the tetanus toxin and expressed the belief that action on the 
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nervous system resulted through blood stream-lymphatic distiibution rather than 
by direct transmission by nerve or by perineural lymphatics to the meninges 
Experimentally, lethal doses injected intravenously were apparently fixed m all 
of the tissues in an irrecoverable form, any toxin in excess of the lethal dose 
could be recovered from the ciiculation 

We interpret our findings as support for the experimental evidence of Abel that 
the toxin is lymph borne and blood boine and that there is general toxemia, for 
not only were degeneiative changes for the most part rather uniform and general- 
ized throughout the central nervous system but all of the other tissues examined 
shared equally in the degenerative process The second reason is that the first 
symptom apparently was geneial malaise, followed by dysphagia, and soon there- 
after by generalized mvolvment, if the toxin had traveled along the nerve, the 
affected segment of the spinal cord should, supposedly, have given prominent local- 
izing signs early The assumption of nerve transmission cannot be justified on the 
basis of the sections Since more proximal segments of the nerves were not 
examined, no knowledge is at hand as to whether they were similarly involved 
to tlie same relative extent Examination of the spinal cord itself showed sym- 
metric degeneration 

Pulmonary Pneumatocele (Bullous Emphysema, Giant Bullae of the Lung, 
Polycystic Lung) Report of a Case Esmond R Long 

A Negro approximately 40 3 'ears old entered the outpatient department of the 
Philadelphia General Hospital m acute respiratory distress, wheezing and gasping 
for breath He died ten minutes after entrance The available past history was 
meager He had served a number of prison sentences for violation of the narcotic 
laws, and had once been examined in the outpatient department of another hospital 
In each of these institutions he gave a history of asthma and repeated colds No 
roentgen films were made during life, and no definite diagnosis was made 

Autopsy disclosed multiple pneumatocele of the lungs Each upper lobe was 
composed largely of giant bullae, which compressed the functional portion of the 
lung below Acute terminal dilatation of these bullae, dependent on a valvelike 
opening to each, was apparently the cause of death 

Multiple pneumatocele of the lung is not rare, but this occurrence of it seems 
to merit record because of the huge size of the air sacs, which reached diameters 
of 12 to IS cm in each upper lobe, and because of the acute termination The 
causes m most cases are obscure, and the designations of the condition are confus- 
ing In many instances it has been called congenital cystic disease of the lungs, 
but in most cases it is not congenital, and the air sacs are not cysts according to 
the usual definition of a cyst The multiple pneumatocele under consideration 
appeared to be the sequel of old diffuse chronic infection and resultant fibrosis 
of the bronchiolar walls 

Genesis of Polycystic Disease of the Kidneys Robert F Norris and Leon 
Herman 

The important theories of the origin of polycystic disease of the kidneys are 
reviewed Congenital polycystic kidneys are described as observed m 4 patients 
From serial sections, several collecting ducts and cysts in the kidneys of each 
patient have been reconstructed to scale in drawings Evidence is given that for 
a long period in fetal life the development of these kidneys was normal After 
differentiation of the metanephrogenic anlage and after the union of its elements 
with collecting ducts, there occurred focal cystic dilatations of unniferous tubules 
and collecting ducts followed by isolation of the dilatations as cysts of segments 
of these nephrons Continued proliferation of these elements and rupture of their 
walls resulted in anastomoses among these cysts The changes are thought to be 
degenerative since they resemble the stages in normal degeneration of the meso- 
nephros and of the normal vestigial elements of the metanephros In the case of 
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polycystic kidneys, therefore, to a vaiiable degree the metanephros is abnormallj 
provisional Such an explanation appears to be applicable to most of the congenital 
anomalies associated with pob'cystic kidneys and to be compatible with the heredi- 
tary nature of the disease Tlic fundamental cause of polycjstic disease of the 
kidnej^s must be m the germ plasm 

A Scientific Unit for Recording Erythrocyte Sedimentation Rates J 
Cutler 

Lack of a universal technic has been a serious stumbling block to moie vvidc- 
spiead adoption of the blood sedimentation test m general practice In cverj one 
of the technics described in the literature the unit of comparison (usuallv the drop 
at the end of one hout expressed in millimeters), while it reflects the rapiditv ot 
sedimentation m a general way, fails to give an accurate idea of the rate of settling 
Furthermore, it also reflects anemia in the packing of the cells m the bottom of the 
tube within the first hour in rapidl}’ settling blood 

The object of the present technic is to determine the rate of settling of the 
rouleaux at a time when the rate is least influenced b\ the period of aggregation 
of the red cells into rouleaux, on the one hand, or their packing in the bottom 
of the tube, on the othei The essential features are as follow s Cutler sedimenta- 
tion tubes of 1 cc capacity are used, which are graduated into 50 mm divisions, 
with 0 at the 1 cc level One tenth of 1 cc of a 3 8 per cent sodium citrated solu- 
tion and 0 9 cc of blood obtained by puncture of a suitable v ein arc gentlj mixed 
in a 2 cc syringe and poured into the sedimentation tube, and the tube is placed in a 
special rack The position of the sedimenting column of erthroevtcs is determined 
every five minutes for one-half hour and recorded on special charts 

The biggest drop in any five minute period during the first hall hour is the 
maximum sedimentation rate in fiv e minutes (M SR) that the rouleaux vv ill attain 
in the Cutler tube, no matter how many readings arc taken This maximum rate 
becomes the unit of compaiison 

A maximum settling of 1 mm or less in fiv’c minutes during the first half hour 
IS normal Anything more than this is abnormal and therefore pathologic A maxi- 
mum rate of 1 5 to 3 5 mm, although pathologic, is usually not associated vvith 
constitutional manifestations of disease such as a fever or a rapid pulse In such 
instances the pathologic process responsible for the increased rate is usually latent 
or subclinical A maximum sedimentation rate of 4 to 9 5 mm m fiv c minutes, on 
the other hand, is usually associated with constitutional symptoms, but these arc 
of mild to moderate severity A maximum rate of 10 mm or more in five minutes 
IS almost invariably associated with marked constitutional sjmiptoms 

This IS all there is to a scientific determination and interpretation of the sedi- 
mentation rate This unit — maximum sedimentation rate in five minutes (M SR) 
— needs no correction for anemia It cannot be misunderstood, for it means just 
what it says It is important to remember that the “A! S R unit” is different in 
tubes of different length 


J H Clark, President 
H L Ratcliffe, Secrciaty 
Rcgiilat Meeting, Feb S, 1940 

Nature, Incidence and Duration o£ Hodgkin’s Disease E B Krumbhaar 

The substance of this address can be found in the author’s paper “A Symposium 
on the Blood and Blood-Forming Organs,” published by the Univeisity of Wis- 
consin Press, Afadison, Wis , 1939 
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Idiopathic Hypertrophy of the Heart in Infancy Irving J Wolman 

The cause of idiopathic cardiac h 3 'pei trophy is not known Though rare at all 
ages, the disorder is encountered most frequently in infancy Clinical and patho- 
logic data on S patients are presented , these were infants aged between 4 and 18 
months, who had died of sudden, unexpected circulatory failure In none had the 
presence of heart disease been suspected during life The heaits were dilated but 
were free from anomalies and fiom evidences of rheumatism and diphtheritic intoxi- 
cation The musculature was diffusely hypertrophied, each heart weighed from 
two to three times more than normal In 4 of the 5 specimens wandeimg cells, 
chiefly mononuclears, weie discovered within the interstitial connective tissue The 
cause of the cardiac changes was not apparent , stains for glycogen show^ed no excess 
Aerobic and anaerobic cultures of the ventiiculai muscle of 3 of the hearts were 
negative The infants had not been anemic or syphilitic It is possible that some 
obscure nutritional deficiency lies at the basis of this puzzling disorder A review 
of the histones of the feeding of these infants show’s that 4 of them had been 
receiving inadequate quantities of vitamin D in their daily diets , 2 had florid 
rickets at the time of necropsy No other clues as to the causes were obtained 
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Architecture of the Kidney in Chronic Bright’s Disease Jean Olner, 
Professoi of Pathology, Long Island College of Medicine, Brookhn Cloth 
Pp 257, with 112 illustrations Price $10 New York and London Paul B 
Hoeber, Inc , 1939 

This impressive volume comes at an opportune time, for it brings icfreshment 
of mmd and ^aluable information to pathologists w’ho ha\e long been exasperated 
by the flow of petty additions to the histologic details of diseased kidne 3 S The 
reviewer, for one, is grateful to the author and to the Josiah Alacy Jr Foundation, 
which has supported his studies and made possible this publication 

The book deals with the study of diseased kidnejs bj nucrodissection and 
reconstruction methods, supplemented and controlled to some extent bj' ordinarj 
histologic studies 

A rapid perusal of the book gi\ es one the impression of a \ ast amount of pains- 
taking work, done honestlj'^ and presented on the whole dispassionately As might 
be anticipated, the number of details encountered in these studies was great and 
the difficulties of presentation correspondingly difficult The author is to be 
complimented on his manner of approach and his success in exposition 

Rereading, w'lth careful consideration of the author’s discussions and such 
correlations as he makes W'lth what is known about the pathologic ph>siology of 
the kidnej', convinces the reviewer that significant new' facts arc established and 
that the importance of the volume is great because of the stimulus it proMdes 
for the imagination The illustrations throughout the book are superb and achieve 
their purpose A number have been taken from previous studies of Olner and 
his collaborators, published in the Archives or Pathology in 1933, 1934 and 1935, 
but these are few in comparison with the additions 

The first chapter is devoted to “Technique and Alethods Alatcnal and Alethod 
of Presentation’’ 

The second, third and fourth chapters present objectively the stnictuial changes 
encountered in glomeruli and tubular systems in the various forms of Bright’s 
disease 

Chapter 2 is concerned with the tw'O outstanding features of chronic kidney 
disease, hypertrophy of the nephron (glomerulo-tubular unit) and atrophy of the 
nephron Results are illustrated from reconstructions 

Chapter 3, “The Morphology of the Abnormal Nephron,” describes tlie 
glomerulus and various parts of the tubules as encountered m terminal Bright’s 
disease Most of the examples were taken from glomerular nephritis, a few, 
from arteriosclerotic nephrosclerosis The purpose of the chapter is to present 
the complete range of abnormalities found, witli emphasis on the fact that the 
typical morphologic changes are the same in all forms of the renal lesion The 
many illustrations are from photographs of microdissections 

Chapter 4 is entitled “The Aglomerular Nephrons of Terminal Bright’s 
Disease” and establishes the fact that tubules may persist after destruction of their 
glomeruli Good evidence is presented that such tubules are functional The 
illustrations are from microdissections and reconstructions and fully document the 
author’s conclusions 

Chapter 5 is a short one, entitled “The Transformation of the Arterial System 
in Terminal Bright’s Disease” It is illustrated chiefly from microdissections It 
demonstrates the formation of new vascular channels which serA’^e to make the 
tubules independent of the passage of blood through the glomerulus The vessels 
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are (1) Ludwig’s vessel, which arises from the afferent arteriole and bieaks up 
into the intertubular network, (2) a branch which develops from the interlobular 
artery and ends in the intertubular capillaries and (3) branches which arise from 
the arcuate artery or the deep portion of the interlobular artery and descend in the 
medulla Such descending arteiies may also take origin from Ludwig’s vessel 
The sixth chapter, “Factors Responsible for the Regressive Alterations of the 
Kidney Parenchyma in Terminal Bright’s Disease,” discusses destruction of glo- 
meruli as a cause of tubular atrophy and arterial disturbances responsible for 
nephron regression These two parts of chapter 6 are informative and convincing 
The third part of chapter 6 — “The Interstitial (Inflammatory) Reaction As It 
Affects the Parench 3 nnal Elements” — is the weakest part of the book and perhaps 
IS the only part which can be considered to provide bait for disputati-ve-minded 
pathologic histologists It is the only part in which the author has indulged to a 
slight degiee in interpretative comments — something which he waimly deprecates 
in his consideration of much of the current pathology of the kidney On the whole, 
the reviewer thinks it is somewhat regrettable that the word “inflammatory” has 
been used in regard to the behavior of the interstitial tissue of the kidney in view 
of the different connotations aroused by that term in the minds of thoughtful 
pathologists However, part 4 of this chapter, devoted to “Obstiuctive or the 
Hydronephrotic Factor in Nephron Distortion,” again brings objective details 
valuable as premises for thoughtful speculation 

Chapter 7, in which the author takes up “The Pattern of Kidney Structure in 
Bright’s Disease,” is well presented and illustrated by a selection of objective find- 
ings of great beauty, obtained from cases studied and presented in the book by 
Addis and Oliver, published in 1931, entitled “The Renal Lesion m Bright’s 
Disease” (Paul B Hoeber, Inc , New York) The general plan is to present 
microdissections on one page and a histologic section on the opposite page, with 
a brief resume of the clinical history of the patient and the histologic observations 
The author has taken great pains and has shown ingenuity in the use of devices 
in his illustrations in order to give information concerning details of pathologic 
alteration of the nephron and the blood vessels 

There is a final chapter — the eighth — entitled “Epicnsis and Prolegomenon” — 
which consists of only 9 pages in which the author expresses rather more optimism 
in regard to the possibility of correlating the details he describes with function 
Rightly, he insists that further advances in knowledge require collaboration by 
pathologists and clinicians competent in physiologic methods of study Perhaps 
one might say that occasionally he goes a bit too far in assuming that alterations 
in structure are indicative of con esponding qualitative changes in function 

A third reading of the book has convinced the reviewer that wherever the 
author has exposed himself to adverse criticism there is occasion only for sympa- 
thetic and respectful toleration, because it is evident that in the performance of 
such a large amount of work many observations must have been made (known 
only to him) that are not now amenable to analysis and presentation 

To review this book adequately would require a great deal of space, and it 
IS doubtful if it can be done satisfactorily without reproduction of some of the 
illustrations The reviewer believes that the material is so beautifully and clearly 
presented that well informed students of nephritis can make use of it for their 
own purposes and may very well come to conclusions different from those 
expressed by the author 

The actual contributions that Oliver has made are extraordinarily impressive 
(1) the demonstration that tubules persist and apparently are functional after the 
glomerulus is completely destroyed , (2) that tubules with intact glomeruli, as well 
as aglomerular tubules, undergo hypertrophy, (3) the demonstration that m the 
course of nephritis important circulatory changes take place in the kidney — for 
example, the development of Ludwig’s arteriole and the establishment of other 
arterial supplies to the tubular network from the interlobular arteries, (4) the 
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varieties of morphologic change that may occur m the tubule of .i single nephron, 
(S) the obstructive role of material within the tubule, and (fi) the change in the 
pattern of the blood supply in vascular nephritis 

All pathologists interested m diseases of the kidnej or forced, in their routine, 
to write descriptions of diseased kidneys should have this book The reviewer 
has aheady derived great satisfaction in Ins better undci standing of microscopic 
slides of diseased kidneys The physiologically trained clinical investigator of 
nephritis w ill also find this book of v alue It will make clear to him the difficulties 
of the pathologist and should provide some new ideas for methods of sludv during 
life 

Dr Olivei makes no claim for contributions on the genesis of Bright’s disease, 
nor is it apparent that the methods he has used arc adapted for this objective I he 
importance for physiology through encouragement of reseat ch on the i)hvsiolog> of 
the tubule is apparent While there is some doubt in the mind of the reviewer ol 
the piobabilitv of bringing to light by these methods other facts approaching m 
importance those already presented b> Oliver, he has no hesitanev whatever in 
proclaiming this book to be outstanding in importance, one that will matcriallv 
influence the trend m investigations of the physiologv and pathologv of the kidnev 

Electrocardiographic Patterns Arlie R Barnes, MD, The Afajo Clime, 

Rochester, Alinn Cloth Pp 197, with 94 illustrations Price S5 Spring- 

field, 111 , and Baltimore, Aid Charles C Thomas, Publisher, 1939 

This e\cellent book lepiesents an extmordinarv amount of clinical, evperi- 
mental and pathologic work in electrocardiography since 1928 In the fifteen vears 
which have elapsed since the publication in 1925 of Sir Thomas Lewis’, “The 
Alechanism and Graphic Registration of the Heart Beat,’’ one can onl> be aina/ed 
at the tremendous amount of new material which Barnes (and other workeis m 
this field, largely Americans) have contributed Barnes, working with Whitten 
m 1928, “became interested m the possibility of working out correlations of electro- 
cardiographic changes with specific pathologic conditions in the heart ’’ Within 
certain limitations and with occasional exceptions the author believes, and this 
reviewer believes, they have succeeded, thus fulfilling Herrick’s jirophctic question 
of 1919 “Alaj It peihaps be possible to localize a lesion m the coronaiy svstem 
with an accuracy comparable to that with which we locate obstructive lesions m 
the cerebral arteries^’’ 

The book opens with a clear description and with appropriate drawings of 
“the relation of the distribution of the coronary arteries to acute myocardial 
infarction,’’ showing that, contrary to widespread belief, infarction occurs with 
about equal frequency m the antei lor-apical and posterior-basal portions of the 
left ventricle, although occlusion of the anterior descending branch of the left 
coronary aitery occurs more commonly than docs occlusion of the right coronarj 
artery Barnes emphasizes that the resulting electrocardiographic pattern reflects 
the site of mfaiclion of the left ventricle (not the vessel occluded), and later he 
offers certain explanations as to the cxtiaordinary infrequency of infarction of 
the light ventricle 

Chapter 3 discusses the “electrocardiogram in acute myocardial infarction and 
m its healing stages,’’ differentiating the so-called QiTi patterns from the QiTs 
patterns, etc One important comment is made regarding the v'alue of serial 
electrocardiograms m the diagnosis of acute and healing myocardial infarction, 
namelj, that other factors, such as “acute pericarditis, acute cor pulmonale, diabetic 
acidosis, digitalis therapy, certain acute infections, may likewise produce a tracing 
which differs from day to day ’’ 

In contrast to the usefulness of the electrocardiographic patterns in the diagnosis 
of myocardial infarction, attention is called to “the role of the electrocai diogram 
in the diagnosis of nonocclusive coronary disease’’ Noting that while many 
patients with advanced coronary sclerosis, even vvdien it results in mjmcaidial 
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fibiosis, ha\c noinial elect! ocaidiogiams, “organic delay in auuculoventncular 
conduction, and complete and incomplete bundle branch block are associated in a 
high percentage of cases with nonocclusn e coronary sclerosis ” 

The electrocai diographic pattern of predominant stiain of either ventricle, 
manifested at autopsy by \entricular hypertrophy and dilatation and during life 
bj failure of the left or of the right side of the heart, is discussed m chapter 4 
The electrocardiogiam in acute right ventricular strain (acute cor pulmonale) is 
described in chapter 5, with particular lefeience to the role of pulmonary embolism 
and infarction as a classic example of unilateral ventricular strain Chapter VI 
discusses the electrocardiogram m chionic right ventricular strain 

The electrocardiogiam m pericarditis is considered in chapter VII, with many 
new contributions to present knowledge One particularly interesting statement 
may be noted “It is therefoie obvious that the weight of evidence deiived from 
experimental and clinical obseivation indicates strikingly that the electrocardio- 
graphic changes in pencaiditis, in most instances at least, are an expression of 
the associated subepicardial myocaiditis” 

The book closes with chapters on the “eftects of certain drugs, metabolic dis- 
orders and infections on the electrocardiogram,” and “some observations relative 
to precordial leads ” One feels that w ith the extensive references to pertinent 
literature, the complete authoi and subject index, the fine format of the book itself 
and the wide experience and sound clinical judgment of the author, this book con- 
stitutes a noteworthy contiibution to an impoitant and ever wudenmg clinical and 
physiologic discipline 
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Thirty-Sevemh A^^•UAI Rii-ort, 193S-1940, oi Tin C\NCfR 

Research Fend Founded under the direction of the Rojal College of Plnsicians. 
of London and the Royal College of Surgeons ot England, 1902 Incorporated 
by Royal Charter, 1939 Paper Pp 43 London Ta>Ior and Francis, 1940 

The FiETY-FirTH Anneal AIidical RrroRT or the Tkudi \e Sanatorium 
AND THE Thirt\ -Fifth Medical SurrLrMPNT ior thi Year Ending September 
30, 1939, Together mitii the Iiventv -Third Coiiiction or the Studies of 
the Edward L Trudeau Found vtion eok Ri si arch and Ifaciiinc in Tuber- 
culosis, 1939 

The Saranac Laboratorv ior thi Sted\ of rLniRCEiosis oi the Edu \rd 
L Trudeau Foundation Ri port or the Diri ctor \nd Financiai Ri port for 
the Year Ending September 30, 1939 Reprints oi Scientiiic P\prRS Saranac 
Lake, N Y The Saranac Lake Academj of Medicine, 1939 

Care of Poliomyelitis By Jessie L Stccenson. AB RN, Consultant m 
Orthopedic Nursing, National Organization for Public Health Nursing Cloth 
Pp 230, illustrated Puce, S2 50 New York The ^Macmillan Conipain, 1940 

Youth Looks at Cancer A Text Prepared for Colleges, Preparatorj Schools 
and High Schools The Westchester Cancer Committee, Bronwillc, New' York 
Cloth Price, 75 cents Pp 55, illustrated Brook\illc, N Y Biookcille Press, 
1940 

Biological Symposia Volume 1 Edited bj Jaques Cattell, Editor of the 
American Naturalist and American !Mcn of Science Foreword by Albert F 
Blakeslee, Director of the Department of Genetics, Station for ENpenmental E\o- 
lution of the Carnegie Institution of Washington Clotli Pp 23S, illustrated 
Price, §2 50 Lancastei, Pa The Jaques Cattell Press, 1940 

Informe de la Junta de beneeicfncia dei Distrito federal Correspon- 
DIENTE A SUS ACTIVIDADES EN EL LAPSO COMPRINDIDO DLI 1 DE DlCIEJIBRE DE 1938 
AL 30 DE Noviembre DC 1939 Papei Pp 166, illustiated Caracas, Venezuela 
Tipografia la Nacion, 1940 

A Textbook or Pathologi W G MacCallum, Professor of Pathologj' and 
Bacteriology, Johns Hopkins University, Baltimore Seventh edition, tlioroughly 
revised Cloth Pp 1,302, Autii 697 illustiations Price, §10 Philadelphia 
W B Saunders Company, 1940 

Pathological Histology Robertson F Ogilvie, M D , FRCP (Edm ), 
Lecturer in Pathology, University of Edinburgh Forew'ord by A Murray 
Drennan, MD, FRCP (Edm), Professor of Pathology, Unnersity of Edin- 
burgh Cloth Pp 332, with 220 illustiations in color Price, §8 50 Baltimore 
Williams & Wilkins Company, 1940 

Dynamics or Inflammation An Inquiry into the Mechanism op Infec- 
tious Processes Valy Menkin, Department of Pathology, Hanard Medical 
School Experimental Biology Monographs Cloth Pp 244, wutli 50 illustrations- 
Price, §4 50 New York The Macmillan Company, 1940 
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Aecrophoius See Actlnomjcts 
Pertussis See Whooping Cough 
I’cstls See I’lagiie, hacllll 
Tjiihold (iroup See Tjidiold 
Bactericides Set Germlt lilts 
Baggenstoss, A II Eliioid histlocxtosis report 
of case with postmortem mil themleal 
studies of spit in *120 

BalliJ 0 T Malignant ailtnomas of chromo 
phohe cells of iiltiilt irx Ixidj * iOS 
Ilirbital and Biiihitil Dirlxatlies, sjmmctrlc 
necrosis of globus pallldus In barbiturate 
poisoning *271 

Banits, W i Studies on resistance to trans- 
missible ItiiKemla In mice bx means of jiirn- 
blosls *103 

Baumann, C A Production of internal tumors 
with chcmhal carcinogens *8 
Beebe G W Iteticiiloi ndotlieliosis xilth lipoid 
storage, *12(1 

Benner XI C roiigcnitiil Infeetlon of lungs 
miildle ears anil nasil lucessor' sinuses 
*435 

Benzanthracene experimental iidenoiiia of pltu- 
Itarx, 111 

experimental gastric carclnonu critical re- 
xlew xxith comments on crlteila of Indtiied 
mallgnancx *81 1 
experimental lung cancer 37 ! 

Incidence of Induced pulmonarx luiiio-s In 
susceptible mice raised In dust free all *184 
Induced tumors of sallx irx glinils of mice 
730 

productloiL of Internal tumors xilth chemical 
carcinogens *8 

production of lung tumors in mice 284 
studies In i irclnogencsls hxdrocarbon-cho- 
lestorol pellets In albino mice, 111 
transmlssbllc monoextoma of mouse 285 
Benzene, poisoning cerebral changes in cases 
of sudden death 117 

Bcnzpxrenc effects of 3 1-bcnzpjrcne on hum in 
sKln, 853 

experimental gastric carelnoma ciitlcal re 
xlcxx xxith comments on crlteila of Induced 
mallgnanej *81 1 

piodiictlon of Internal tiimois with chemical 
caiclnogons *8 

serologic speclllcltj of experiment il tumors 
851 

studies in carcinogenesis , compounds related 
to 3 4-benzpxienc, 414 

Berman L Pathologic nature of mjeosis fun- 
goldes *530 

Bernaid I^eon prize 435 

Bernei-Duret s Lesion See Biain hcmorihage 
Bile action of bile salts on xiiuses 141 

effect of complete and of partial billarx ob- 
stiuction on scrum phosphatase and bile 
acids of dog, 727 
Bile Ducts See also Gallbladder 

effect of complete and of partial biliarj ob- 
struction on scrum phosphatase and bile 
acids of dog 727 

Billarx Tract See Bile Ducts, Gallbladder 
Lix er 

Blnford, C H Primarx amyloid disease of 
mjocardlum and blood xessels report of 
case xxith death from myocardial failure 
*314 

BlnKley J S Morphogenesis of extrasKeletal 
osteogenic sarcoma and pseudo-osteosar- 
coma *42 

Biopsj See Cancer Liver, etc 
Bladder epithelial tumors of 574 

Inflammation, cxstltis follicularis in dog *511 
Blastomj cosis 137 
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Blood See ilso Erythroc 3 tes , Hemoglobin and 
Hemoglobin Compounds , Leukocytes 
circulation, earliest Knonn reference to heart 
and circulation, 130 

coagulation , increasing plasma prothrombin 
In newborn Infant, S4C 

Diseases See Anemia, Hemopoietic Sjstcm, 
Leukemia , etc 

effect of Irradiation on, 292 
electrophoretic studj of nepluotic serum and 
urine, 840 

fats and lipoids , idiopathic familial lipemla, 
430 

Groups See also Agglutination , Paternity 
groups and MN-tjpes of Eskimos in East 
Greenland, 283 

groups, blood grouping factors in horses, 712 
groups , la\it 3 as to qualifications of expert 
in Commonwealth of Pennsjliania as il- 
lustrated by recent legal testimony, 289 
groups, legislation for blood grouping tests 
129 

groups, serologic studies of reptllla 141 
groups, specific antiserum for blood gioup 
factors A, B, ill and Is 442 
immunochemlstrj of catalase , Langmuir 
multllavers with serum globulin, 721 
phosphatase , elTect of complete and of par- 
tial blllarj obstruction on serum phospha- 
tase and bile acids of dog 727 
pressure high , coronary and aortic sclerosis 
perlarteiitls nodosa, chionic nephritis and 
hypertension ns sequelae to single experi- 
mentally produced widespread calcium pre- 
cipitation in rat 731 

pressure, high , effect of induced collateral 
circulation from spleen to iscliemic kidney’ 
on experimental renal hypertension 728 
pressure, high, expeiimental liypertcnslon 
564 

pressure high, experimental hypertension by 
constriction of aorta, 276 
pressure, high , histologic changes in renal 
arterioles of hypertensive labbits *777 
pressuie, high, hypertension (Goldblatt) and 
unilateral malignant nephrosclerosis 452 
pressure In experimental nephritis pioduced 
by injection of neplirotoxlc scrum *37 
proteins , comparison of urinary and serum 
proteins, 722 

proteins effect of nitrogen retention on re- 
generation of, 729 

sedimentation , scientific unit for recording 
erythrocyte sedimentation rites, 870 
sugar , fatal hypoglycemia 438 
sugar, insulin hypoglycemia and glycogenic 
hepatomegaly in diabetes mellitus *415 
A essels See also Arteries , Capillaries Car- 
diol ascular System, Endarteritis, Periar- 
teritis , Vasomotor System etc 
vessels, primary amyloid disease of myocar- 
dium and blood vessels , report of case 
with death from myocardial failure *314 
"V itamins See Vitamins 
Bolirod, 31 G Acute necrosis of adrenal 
glands with tryparsamlde therapy 800 
Eollman T L Influence of diet on survival 
of rats repeatedly exposed to carbon tetra- 
chloride vapor, 732 

Bones See also under names of bones 
Diseases See Osteitis etc 
effects of prolonged injections of bovine an- 
terior pituitary extract on bone and carti- 
lage of guinea pigs, *355 
fragility , teeth in osteogenesis imperfecta 
438 

inexpensive electric bone saw, *361 
involvement in leukemia, 279 
marrow lymphoid nodules of 278 
morphogenesis of extraskeletal osteogenic sar- 
coma and pseudo-osteosarcoma *42 
so-called mixed tumors of mammary gland of 
dog and man with reference to general 
problem of cartilage and bone formation 
*589 

Book Reviews 

Architecture of Kidiiev in Chronic Blights 
Disease 1 Oliver, 872 
Brucellosis in Man and Animals , I F Hud- 
dleson and others 301 


Book Reviews — Continued 
Diseases of Gallbladder and Bile Ducts , 
W Walters and A M Snell, 434 
Diverticula and Diverticulitis of Intestine 
Theli Pathology, Diagnosis and Treatment, 
H C Edwards 587 

Electrocardiographic Patterns , A R Barnes, 
874 

General Tissue and Humoral Response to 
Avirulent Tubercle Bacillus Including 
Growth Characteristics of Organism, S R 
Rosenthal 299 

Medical Jurisprudence and Toxicology , W D 
JIcNally, 151 

Mort des brules Etude experimentale , L 
Christophe, 300 

Pathology Introduction to 3Iedlcine and 
Surgeiy , J H Dible and T B Davie, 737 
Ponction sternale Precede de diagnostic 
cytologique, P Emile-Weil and S Perles, 
299 

Piotozoology , R R Kudo 301 
Rise of Embryology, A W 3Ieyer 738 
Symposium on Blood and Blood-Forming Oi- 
gaiis, 5ST 

Virus and Rickettsial Diseases with Especial 
Consideration of Their Public Health Sig- 
nificance, 453 

Books received 152, 302, 588, 740 876 
Boor A K Glycollpoid antigen of meningococ- 
cus and gonococcus 724 
Bordet-Gengou Bacillus See Whooping Cough 
Brain See also Cerebellum Lenticular Nu- 
cleus Meninges, Nervous System, Pons 
Varolii, etc 

blood supply, cerebral vascular disease ac- 
companying sickle cell anemia 132 
cancer , intracerebral carcinomatous meta- 
stases, 714 

Capillary rupture with intinial hemorrhage in 
causation of cerebral vascular lesions, *345 
cerebral changes in cases of sudden death, 
447 

Diseases See also Encephalitis , etc 
diseases, adaptive changes in cranium in re- 
lation to brain growth 135 
etlologic factors in experimentally produced 
pontile hemorrhages 276 
hemorrhage , Duret-Berner hemorrhages 446 
hemorrhage , relation of thrombosis, embolism 
and apoplexy to weather 277 
histologic changes in nervous system in cases 
of peptic ulcer, 134 

metamorphosis of nucleus of neuron k in 
Inanition due to prolonged starvation, 723 
neuronophagia in human cerebral cortex in 
senility and in pathologic conditions *400 
vascular pattern of certain intracranial neo- 
jilasms, 572 

Breast cancer, effect of hypophysial trans- 
plants in various strains of mice 443 
cancer, effect of varying doses of estrogen 
on incidence of mammary gland carcinoma 
in strain CsH mice 729 
Cancer, familial mammary tumors in rabbit, 
280 

cancer , influence of transplanted normal tis- 
sue on breast cancer ratios in mice 573 
cancer, relation of chronic mastitis to car- 
cinoma, 295 

cancer, vitamin E and experimental tumors 
284 

Inflammation , relation of chronic mastitis to 
carcinoma, 295 
Paget’s disease of nipple 717 
so-called mixed tumors of mammaiy gland of 
dog and man with reference to general 
problem of caitilage and bone formation 
*589 

tumors, effect of oil of wintergieen on spon- 
taneous tumors, 144 
Bright’s Disease See Nephritis 
Broders A C Golgi apparatus of thyroid 
gland *759 

Brody, H Metaplasia of epithelium of pros- 
tatic glands utricle and urethra of fetus 
and newborn infant, *494 
Ruptured diverticulum of stomach in new- 
born infant associated with congenital 
membrane occluding duodenum *125 
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Bronchi, cancer, pulraonarj nsbcstosls, 713 
signifleance of bronchial obstruction in pul- 
monary tuberculosis in children and its re- 
lation to epituberculosls, 583 
Bronchitis, influenzal, 849 

Broner, A B Studies on resistance to trans- 
missible leukemia in mlee by means of 
parabiosis, *193 

Brown, W 0 Effect Of colchicine on human 
tissues, 865 

Brucella Abortus, Brucella Helltensls See 
Bacteria, abortus and melltense group 
Brucellosis See XJndulant Fever 
Brues, A M Experimentally induced bcnlg- 
nanev of neoplasm , suppression of mitotic 
activity by so-called Immunization, *741 
Bunim J J Tophus of mitral \al\o in gout, 
*700 

Burns, E E Effect of varying doses of estro- 
gen on incidence of mammary gland carci- 
noma in strain CnH mice, 729 
Burns liver necrosis following burns, simulat- 
ing lesions of yellow fo\er, 70S 

Calcium and Calcium Compounds, chemistry of 
atherosclerosis , lipid and calcium content 
of intima and of media of aorta with and 
without atherosclerosis, *31 
coronary and aortic sclerosis periarteritis 
nodosa, chronic nephritis and h\pertcnslon 
as sequelae to single experimentally pro- 
duced widespread calcium precipitation in 
rat, 731 

effects of thyroid and calcium therapj on 
growth of sarcoma transplants in thyro- 
parathvroidectomizcd rats *785 
Calculi See under names of organs and re- 
gions as Gallbladder Urinary Tract, etc 
Cambel, P Hamdl’s preserving solution *813 
Canavan, M M SImmonds’ disease (pituitary 
cachexia) in aged man with dementia prac- 
cox, *310 

Cancer See also Adenocarcinoma , rpithell- 
oma , Sarcoma , Tumors etc and under 
names of organs and regions, as \ppcndlx 
Brain Breast Bronchi Intestines Kid- 
neys, Elver, Eungs, Pancreas, Stomach, 
etc 

abortifaclent action of scrum and urine from 
cancerous patients, 853 
and Jews, 286 

comparison of some carcinogenic with non- 
carcinogenlc compounds as to photodynamic 
activity, 287 

effect of colchicine on human tissues 365 
effect of intracutaneous growth of Brown- 
Pearce tumor on preexisting testicular 
tumor, 730 

effects of 3,4-benzpyrene on human skin 853 
evaluation of risk of biopsy in squamous 
carcinoma 852 
fellowships In, 706 

frog carcinoma in tissue culture 715 
histologic changes and transplantation of tis- 
sue surrounding methylcholanthrene pel- 
lets 854 

Induced pulmonary tumors in mice reaction 
of lungs of strain A mice to carcinogenic 
hjdrocarbons *239 

induction of gastric tumors in strain A mice 
by methylcholanthrene *153 
influence of dinitroeresol on development of 
tar tumors in mice 443 
influence of transplanted normal tissue on 
breast cancer ratios in mice 573 
manner of growth of frog carcinoma 237 
metastases argentafflne tumors 571 
metastases intracerebral carcinomatous me- 
tastases, 714 

mortality from cancer of skin 443 
observations on rats treated with sex hor- 
mones 713 

occurrence and significance of congenital ma- 
lignant neoplasms 148 
production of carcinoma and sarcoma in 
guinea pigs bj thorotrast [colloidal tbornim 
dioxide] 143 

production of internal tumors with chemical 
carcinogens *8 

statistical relation between goiter and cancer 


Cancer — Continued 

studies in carcinogenesis, compounds related 
to 3,4-bcnzpjrcno, 441 

studies in carcinogenesis, lijdrocarbon-cho- 
Icsterol pellets in albino mice, 444 
tar, carcinogenic agents present in atmos- 
phere and incidence of primarj lung tumors 
in mice, 287 

tumor induction and tumor growth in hjpo- 
phjsectomlzed mice 852 
Candon, B H Histologic changes In renal 

arterioles of hjporsensitlve rabbits, *777 
Cannon, P R Relationship of flocculating 

antibodies to tissue hjpersensitivcncss and 
localized disease, 577 

Capillaries Sec also Blood vessels , Vasomotor 
Sislem 

caplllarj rupture with intimal hemorrhage in 
causation of cerebral vascular lesions *345 
Carbohydrates See also Glj cogen. Starch, 
Sucrose , etc 

clicmotactlc properties of tubcrciilophosphatlde 
and tiiberculopolj saccharide, *773 
precipitin and complement fixation reactions 
of pol\ saccharide extracts of Brucella 712 
specific pol\ saccharides of tapes I, 11 and III 
of pneumococcus, 711 

ainilcncc of group C homohtic sfrcptocoeci 
(in relation to poh saccharide) 817 
Carbon Tetrachloride cirrhosis of liver 277 
influence of diet on suralval of rats repeatedh 
exposed to carbon tetrachloride vapor, 732 
Carcinoma Sec Cancer 

Cardiovascular Diseases See Blood vessels , 
Heart 

Cardiovascular Sastem Sec also \rtcrics Blood 
vessels Heart , Vasomotor Svstem etc 
cardloaascutnr reactions in glomerular nephri- 
tis annual Gross lecture 575 
experimental studies In cardlovaseular pathol 
ogj , pathologic changes in organs of rats 
produced by chronic nitrite poisoning, *633 
Cardwell E S Jr Iseuronophagla In human 
cerebral cortex In senility and in pathologic 
conditions *400 

Carev, r J Waae mechanics of smooth muscle 
action , experimental multiple reflections 
between intestinal ligatures transform travel- 
ing into statlonarv mlcroprcssure waves in 
smooth muscle, *321 

Cartilage effects of prolonged injections of 
bovine anterior pituitary extract on bone 
and cartilage of guinea pigs *335 
so-called mixed tumors of mammary gland of 
dog and man with reference to general 
problem of cartilage and bone formation 
*583 

Casey, A E Geographic distribution of polio- 
myelitis in Eouisiana 724 
Castration docs castration alter incidence of 
leukosis in male fowl’ 726 
Catalase immunochemistry of Eangmuir multi- 
layers with serum globulin, 721 
Cataphorcsis Sec Erythrocytes 
Cecum antiancmic principle in liver from pa 
tients with carcinoma of stomach and of 
cecum 729 
Ulcers See Typhlitis 

Cells See also Golgi Apparatus Tissue etc 
dlalslon, contorted mitosis and superficial 
plasmagel layer 144 

division experimentally induced benignanev 
of neoplasm suppre-^slon of mitotic activ- 
ity by so-called Immunization *741 
effect of di-methionine and 1-cysteine on 
cleavage rate of mammalian eggs *131 
giant in tonsils in chlckennox 5R5 
inclusion bodies in scarlet feier °t3 
nuclei cyclic changes in chromatin of nuclei 
of endometrium 273 
Cerebellum astrocytoma 143 
Chemotaxis See Eeul ncytes 
Chemotherapy See Pneumonia Sulfanilamide 
and Sulfanilamide Derivatiyes etc 
Chickenpox, giant cells in tonsils in 565 
Cholelithiasis See Gallbladder, calculi 
Cholesterol See also Elpoids 

experimental gastric carcinoma critical re- 
view with comments on criteria of induced 
malignancy *814 

retlciiloendotheliosls with lipoid storage *120 
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Chonoangloma, consideration of ccitiin tjpcs 
of benign tumors of placenta 2b7 
Choriomeningitis Sec Meningitis 
Chromatin See Cells, nuclei 
Clostridium Sec under Bacteria 
Clowes, G II A rurtlier Inoculation e\pcri- 
ments with tlrus of common cold, 735 
Colchicine, effect on human tissues, SG5 
experimental]} Induced benignancx of neo- 
plasm, suppression of mitotic acthlty by 
so-called Immunlratlon, *741 
Cold See also Temperature 
effect of freezing In vitro on some trans- 
plantable mammalian tumors and on nor- 
mal rat sKni, 284 
prcsorxatlon of tubercle bacilli, 440 
Colds See Respiratory Tract, diseases 
Colitis, Intestinal polvps, genesis and relation 
to malignant growths, 445 
Colon See Gastrointestinal Tract, Intestines 
Colostom}, enteric Intramural herniation follow- 
ing colostomy, 451 

Coman, D R Additional observations on posi- 
tive and negative chemotaxis, experiments 
with mvxomvcetc, *220 

Communicable Diseases Sec Measles , Menin- 
gitis , S} phllls , etc 

Complement fixation in normal scrums treated 
with nuclei of rod corpuscles of clilchcns 
and with tissue extracts, 712 
in nephritis 4 13 

Cook Count} coroner’s office, analysis of work 
done by scientific staff of, 147 
history and progress of scientific work of, 145 
Coron.ary Arteries See under Arteries 
Coroners and Medical Examiners 291 
analysis of work done by scientific staff of 
Cook County coroner’s office, 147 
history and progress of scientific work of 
Cook County coroner’s office 145 
need for Improvement in medicolegal Investi- 
gation, 290 

Corynobacterlum Dlphthoriae See Diphtheria 
Coryza Sec Respiratory Tract diseases 
Cowing, R F Distribution of large doses of 
radioactive phosphorus in rats, 730 
Cowpox, immunologic relationship of virus of 
spontaneous cowpox to vaccinia virus, 442 
Cranium, adaptive changes In cranium In rela- 
tion to brain growth, 135 
inexpensive electric bone saw, *5G1 
Custer, R P Coroner and medical examiner, 291 
Neuropathologlc study of case of tetanus, 808 
Cutler, E C Malignant adenomas of chromo- 
phobe cells of pituitary body, *308 
Cutler, J W Scientific unit for lecording 
erythrocyte sedimentation lates 870 
Cystine and Cysteine, effect of dl-methlonine 
and 1-cystelne on cleavage rate of mam- 
malian eggs, *181 

Cystitis See Bladder, inflammation 

Cysts See under names of organs and regions 

Davidsohn, l Production of Thomsen hemag- 
glutinatlon phenomenon In serum, 720 
uavls H A Lesions of tissues In dehydra- 
tion shock, 734 

Uavvson, J R , Jr Preliminary observations 
T> lu chick embryo, 721 

ueath, cerebral changes in cases of sudden 
death, 447 

congenital heart disease associated with sud- 
den death, 718 

Degeneration of sensory neurons In pigs, 726 
DeGroat, A Symmetric necrosis of globus 
pallldus in barbiturate poisoning, *271 
Dehydration, lesions of tissues in dehydration 
shock, 734 

Dementia Paralytica, acute necrosis of adrenal 
glands with tryparsamlde therapy, 806 
morphologic appearances of spirochetal repro- 
ductlon in tissues, *189 

Dementia Praecox, SImmonds’ disease (pituitary 
cachexia) In aged man with dementia prae- 
cox, *310 

Dextrose See Blood sugar. Carbohydrates 
Diabetes Mellltus See also Blood sugar. In- 
sulin 

and pulmonary tuberculosis, 280 
insulin hypoglycemia and glycogenic hepa- 
tomegaly In, *415 


Diben/anthracene See Benzanthracene 
Dick Test See Scarlet lever 
Diet and Dietetics See also Vitamins 
effect of diet on nephritis in rats 130 
experimental gastric carcinoma , critical re- 
view with comments on ciiteria of induced 
malignancy, *814 

influence of diet on survival of rats repeat- 
edly exposed to carbon tetrachloride vapor, 
732 

Digestive Tract See Gastrointestinal Tract 
Dhiltrocresol See Nitrocresol 
Diphtheria, adrenalin content of adrenal glands 
in diphtheria Intoxication, 846 
antiserum, action of proteolytic enzymes on 
antitoxins and proteins in Immune serum, 
142 

metabolism of lactic acid in diphtheritic tox- 
emia 508 

nutrition of Corynebacterium diphtlieriae 849 
preparation of antitoxin in state of high pur- 
ity, 570 

purification of toxld, 571 
toxin, effects on heart, 130 
Diseases certain diseases observed in North 
China, 801 

Diverticula See under Intestines 
Dunlhue, P W Histologic changes in renal 
arterioles of hypertensive rabbits, '777 
Dunlap C E Effect of irradiation on blood, 
292 

Duodenum, intestinal reactions to gastric yulce 
437 

ruptured diverticulum of stomach in newborn 
infant associated with congenital membrane 
occluding duodenum, *125 
Ulcer See Peptic Ulcer 
Duret-Berncr Lesion See Brain, hemorrhage 
Dust See also Pneumoconiosis 
incidence of induced pulmonary tumors in 
susceptible mice raised in dust-free air, *484 
Dyes See also Stains and Staining 
effect of certain ‘ sex hormones” on spread of 
India ink and resistance to virus infection, 
724 

Ear, congenital infection of lungs middle ears 
and nasal accessory sinuses, *455 
extrav ascular development of monocyte ob- 
served in vivo, 437 

Echinococcosis, larvae of Multiceps serialls in 
gelada baboon, possible relation to hydatid 
disease, 867 

Edema See under names of organs and re- 
gions 

Eggs See also Albumin 

effect of dl-methionine and l-cysteine on 
cleavage rate of mammalian eggs, *181 
Eisenmenger’s Tetralogy See Heart, abnormal- 
ities 

Elastin See Tissue 

Electrolytes, effect of loss of gastric yuice on 
electrolyte balance of dog, 727 
Electrophoresis See under Blood 
Elton, N \V Morphologic variations in adeno- 
carcinoma of uterine fundus with reference 
to action of progestin and progestin-like 
hormone before and after menopause 583 
Embolism See also Thrombosis 

cardiac sequelae of embolism of pulmonary 
artery, 278 

embolic myocarditis, 708 
fat embolism, 295 

relation of thrombosis, embolism and apoplexy 
to weather, 277 

Embryology See Eggs, Fetus, Teratoma 
Emphysema, pulmonary pneumatocele (bullous 
emphysema, giant bullae of lung, polycystic 
lung) , report of case, 869 
spontaneous mediastinal emphysema, 564 
Encephalitis See also Encephalomyelitis 
cerebral changes in cases of sudden death, 
447 

moose encephalitis, 280 

Encephalomyelitis, equine , studies on Eastern 
equine encephalomyelitis, 281 
toxoplasmic, 847 
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Endarteritis, oriRin of oblitcratlnR arteritis and 
its production following repeated grafting 
of adrenal glands, 132 
Endocarditis, embolic mjocardltis 70S 
infectious , histologic study of Osier s nodes 
134 

subacute, with sjstemlc monlllosis 14S 
Endocardium Sec Hcai t 
Endometrium basal cells of cer\l\ uteri 70S 
cjcllc changes In chromatin of nuclei of, 270 
sarcoma, 'SOO 

Enteritis See under Intestines 
Enzymes proteolatlc action on antitoxins and 
proteins in immune serum, 1 12, 142 
Epithelioma, experimental, of stomach 717 
Epltuberculosls Sec Tuberculosis, pulmonar\ 
Erj throc'\ tes See also Anemia, llemoglobln 
and Hemoglobin Compounds, Hemnhsls, etc 
cataphoretic experiments witli sensitized cr\- 
throcjtes 270 

Sedimentation See Blood, sedimentation 
Esbiraos blood groups and MN-t^pes of Eskimos 
in East Greenland 2S3 

Estrogens See also Hormones sex Oiar\, hor- 
mone 

effect of Tariing doses on incidence of mam- 
mary gland carcinoma In strain C-iH mice, 
729 

experimental adenoma of pltultan. 111 
lymphoid tumors in mice rccelilng estrogens 
*1 

observations on rats treated with sex hor- 
mones, 713 

Evans R D Radloactlie iodine ns indicator 
m thvroid plnsloiogy observations on pa- 
tients with goiter 731 

Exophthalmos experimental, fat tissue In, 27" 
Eyes See also Orbit 

cancer, manner of growth of frog carcinoma 
287 

effect of temperature and of stannfion on 
character of growth of frog carcinoma im- 
planted in anterior chamber of eye, 721 

Fat See also Lipoids 
tissue In experimental exophtlinlmos 27" 
Favre-Aicolas’ Disease See Lymphogranuloma 
Venereum 

Feldman, W H Cystitis folllcularls in dog, 
*511 

Fellowships, Finney -Hoyvell Research Founda- 
tion 706 
in pathology, 274 

Ferguson R L Effects of thyroid and calcium 
therapy on groyyth of sarcoma transplants 
in thyronarathyroldectomlzcd rats *785 
Ferments See Enzymes 
Fetus See also Slonsters , Pregnancy 

alveolar lining of lung In relation to vlabllitv 
of fetus *748 

metaplasia of epithelium of prostatIc glands 
utricle and urethra of fetus and newborn 
infant *494 

Fever See also Temperature, Typhoid, Typhus, 
etc 

therapeutic , pathologic changes folloyvlng 
therapeutic hyperthermia 133 
TTndulant See Undulant Fever 
Fibroblasts See Tissue 

Fibroma immunity to Shope fibroma yirus, 143 
immunologic relationship of Shape's rabbit 
fibroma virus to yirus of infectious myxoma- 
tosis, 284 
of heart, 288 

Flenberg R Endometrial sarcoma, *800 
Fistula Injections of gum acacia in bile fistula 
dogs 564 

Fourt, L Immunochemistry of catalase Lang- 
muir multilayers with serum globulin 721 
Freeman, G Pathology of spontaneous pneu- 
monitis and hepatitis in mice *505 
Freezing See Cold 

Frel Reaction See Lymphogranuloma Venereum 
Friedman, N B Insulin hypoglycemia and 
glycogenic hepatomegaly In diabetes melll- 
tus *415 

Frisch A W Snutum studies as aid to prog- 
nosis in cases of pneumonia, 721 


Euiigl Sec also Blastomycosis, 'Mycosis, etc 
additional obsenatlons on posltlye and nega- 
tlye chemolaxls, experiments yyitli myxomy- 
cete, *220 

I urth, 0 B Studies on resistance to trans- 
missible leukemia In mice liy means of para- 
biosis, *163 

Gallbladder See also Bile, Bile Ducts 
ndcnomyonia of 718 

calculi, production of g illstoiies by yitamln 
A deficiency in guliua pigs, "61 
Gallstones See Gallbladder, calculi 
Ganglioneuroma, tumors of sympathetic nenous 
system 119 

Gardner M L Lymphoid tumors in mice re- 
ceiving estrogens, *1 
Gastric Juice See Stomach, scciction 
Llcer Sec I’epllc LIccr 
Gastrointestinal Iract ‘^cc also Intestines, 
Stomach , etc 

argcntafllne cells and pernicious anemia, 566 
experimental production of digestiye tract ul- 
cerations, 561 

Germicides, bactericidal agent from soil bacillus, 
H9 

Globln See Hemoglobin and Hemoglobin Com- 
pounds 

Globulin in Blood sJei under Blood 
Globus Pallldiis See Lcntlciilar Nucleus 
Glomerulonephritis See Neplirltls glomerular 
Glycogen Insulin hypoglycemia and glycogenic 
hepatomegaly In diabetes melliliis *115 
Goiter See also Tliyrold 

radloacthe Iodine as Indicator In thyroid 
physiology, obscryations on pitlcnts with 
goiter, 7 il 

statistical relation between goiter and cancer, 
285 

Goldman S ‘Metaplasia of epithelium of pros- 
tatlc glands, utricle and urethra of fetus 
and ncyyborn infant *494 
Goldstein, D Influence of sulfanilamide and 
siilfapy ridine on cyolutlon of experimentally 
Induced pneumococcic pneumonia in rats, 
863 

Golgi Apparatus of thyroid gland *759 
Gonadotropic Substances See Hoimones 
Gonococci, glycollpold antigen of meningococcus 
and gonococcus 721 

pathologic changes in experimental gonococcic 
Infection, 725 

Gonzales, T A Need for Improyement in 
medicolegal inyestigation, 290 
Gout, tophus of mitral yahe in *700 
Graef, I Influence of sulfanilamide and sulfa- 
pyrldlno on cyolutlon of experimentally in- 
duced pneumococcic pneumonia in rats 863 
Granuloma Inguinale See also Lymphogranu- 
loma Venereum 

Inguinale, cxpcrlmontal and clinical 137 
Gray, L JI Fat embolism 295 
Green, R G Role of natural and of acqyilred 
immunity in recoyery from yirus infections 
736 

Greene, L F Cystitis folllcularis In dog, *511 
Gruhzit 0 IM New approach In therapy of 
septicemia due to Streptococcus vlrldans in 
experimental animals 732 
Gum Acacia See Acacia 

Gunn, F D Genesis of primary pulmonary 
lesions In experimental tuberculosis of dogs, 
731 

Gurley' H Changes in distribution of renal 
phosphatase In experimental nephropathies, 
725 

von Haam, E Effect of "sex hormones” on 
formation of immune bodies, 723 
Haemophilus Influenzae See Influenza 
Pertussis See Whooping Cough 
Hall, W K Antianemic principles in liver 
from patients yyith carcinoma of stomach 
and of cecum 729 

Ham A W Coronary and aoific sclerosis 
periarteritis nodosa, chronic nephritis and 
hypertension as sequelae to single experi- 
mentally produced yyldespread caicium pre- 
cipitation in rat, 731 
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Hamdl’s prcservinp solution, *800 
Hank, lY D Patliolofclc clianpo'; in e\poil- 
mcntal ponococclo infection 72’i 
Head, parasitic posterior reduplication of, TO*) 
Heart See also Blood, circulation, Cardloaas- 
cular S> stem , Endocarditis , Ala ocardltis , etc 
abnormalities , tctraloRj of Elsenmenccr, 8GG 
angioreticuloendothelioma (Kaposi’s disease) 
of, 444 

"cardiac cirrhosis" of Ilacr, 5Go 
cardiac sequelae of embolism of pulmonary 
artcrj, 278 

congenital anomalies of coronary arteries 
aalth cardiac hapertropha in Infants SIT 
congenital heart disease associated aalth sud 
den death, 718 

effects of diphtheria fo\In on, 130 
fibroma of, 288 

Idiopathic hjpertrophy in infanc>, 871 
mjocardial infarction avithont significant le- 
sions of coronarj arteries, 133 
maocardial scars 708 
pericardial milk spots, *250 
primary amjloid disease of maocardlum and 
blood vessels report of case avltli death 
from myocardial failure *314 
spontaneous double rupture, *79G 
Hebbel, E Giant cell carcinoma of thjrold, 
♦541 

Hemagglutination See Agglutination , Blood, 
groups 

Hemangioendothelioma of lung , report of 2 
cases, *517 

Hematin See Hemoglobin and Hemoglobin 
Compounds 

Hematoma, anatomic study of interstitial aneu- 
rysms of lung, 135 

Hemato\"jlln Sec Stains and Staining 
Hemoglobin and Hemoglobin Compounds Sec 
also Anemia , Blood , Erj throcytes , Hemoly- 
sis 

anatomic changes in dogs following injec- 
tions of hematin, 725 
solubility of liemosiderin in acids, 5C7 
Hemolysin, antigenic properties of streptolysin, 
570 

Hemolysis Sec also Anemia Complement 
efic, action on pneumococci and streptococci, 
848 

cataphoretic experiments a\ith sensitized 
erythrocytes 27G 
serologic studies of reptllia, 141 
Hemophilus See AVhooping Cough 
Hemopoietic System, malignant panlcukopenia 
of cats 848 


myeloid leukemia and nonmalignant extra- 
medullary myelopolcsls in mice, 714 
Hemorrhage See Brain, hemorrhage , Pons 
Varolil , Purpura haemorrhaglca , etc 
Subarachnoid See under Meninges 
Hemosiderin See Hemoglobin and Hemoglobin 
Compounds 

Hepatic Duct See Bile Ducts 
Hepatitis See Lher 

Hepatomegaly, insulin hypoglycemia and glyco- 
genic hepatomegaly jn diabetes mellltus, 
*415 

Heper, 0 E Changes in distribution of renal 
Phosphatase in experimental nephropathies, 
725 


Herman, L Genesis of polycystic disease of 
kidneys, 869 

Hernia, enteric intramural herniation follouing 
colostomy, 451 

S Hadioactive iodine as indicator in 
thyroid physiology , observations on pa- 
tients with goiter 731 

Hertzog, A j Reticuloendotheliosis with 
lipoid storage, *120 

Hirsch, E p Chemistry of atherosclerosis , 
hpid and calcium content of Intima and of 
media of aorta with and without athero- 
sclerosis *31 

Histamine, nonspecific "desensitization” through 
histamine, 142 

Histopla^osis, transformation of mycelial form 
of Histoplasma capsulatum, Darling, to 
yeastlike form In mice 731 

Hoagland C L Chemical analysis of vac- 
cinal elementary bodies, 734 


Hodgkin’s Disease See Lymphogianuloraa 
Holman, B L Effect of nitrogen retention on 
regeneration of plasma proteins, 729 
Hormones See also Androgens , Estrogens , 
Pituitary Preparations , etc 
effect of "sex hormones” on formation of 
immune bodies, 723 

Horsfall, P I, , Tr Production of immunity 
in ferrets against various strains of virus of 
epidemic influenza 73G 

Howard, M E Cultivation of virus of lympho- 
granuloma venereum on chorioallantoic 
membrane 733 

A''lrus of lymphocytic choriomeningitis in man, 
725 

Hu, C H Certain diseases observed in North 
China 8G1 

Hueper W C Experimental studies in cardio- 
vascular pathology pathologic changes in 
organs of rats produced by chronic nitrite 
poisoning *G33 

Hydatid Disease See Echinococcosis 
Hydrocarbons induced pulmonary tumors in 
mice, reaction of lungs of strain A mice 
to carcinogenic hydrocarbons *239 
production of internal tumors with chemical 
carcinogens *8 

Hydronephrosis plastic studies in abnormal 
renal architecture parenchymal alterations 
in experimental hydronephrosis, *77 
Hydrophobia See Rabies 

Hyperparathyroidism See under Parathyroid 
Hyperpyrexia Sec Fever 
Hypersensitiveness Sec Anaphylaxis and Al- 
lergy 

Hypertension See Blood pressure, high 
Hyperthermia Sec Fever therapeutic 
Hyperthyroidism See under Thyroid 
Hypertrophy Sec under names of organs and 
regions ns Heart etc 
Hypoglycemia See Blood sugar 
Hypophysis See Pituitary Body 

Icterus See Jaundice 

Idiocy, Mongolian See Mongolism 

Tleum See Intestines 

Immunity See also Anaphylaxis and Allergy 
Antigens and Antibodies Blood groups 
Diphtheria Influenza Serum, Immune, 
Streptococci, Tuberculosis, etc 
and vitamins, 713 

effect of transplantation of liver into mice 
previously treated with liver 277 
role of natural and of acquired immunity 
In recovery from virus infections 73G 
study of hemorrhagic phenomena (Sanarelli 
phenomenon) 851 
India Ink See Dyes 

Industrial Diseases Industrial dusts and mor- 
tality from pulmonary disease 137 
laboratory cases of AVeil’s disease, 140 
Infants Newborn alveolar lining of lung in 
relation to viability of fetus *748 
metaplasia of epithelium of prostatic glands, 
utricle and urethra of fetus and newborn 
infant *494 

ruptured diverticulum of stomach m newborn 
infant associated with congenital membrane 
occluding duodenum *125 
Infarction See under Heart 
Infection See Immunity , Viruses and under 
names of bacteria, as Streptococci etc 
Infectious Diseases See Diphtheria , Pneumo- 
cocci Typhoid etc 

Inflammation lymphocyte in acute inflammation 
in rabbit, 438 

Influenza, bacterial agglutination 850 
effect of foreign tissue extracts on efficacy’ 
of influenza virus vaccines, 282 
influenzal bronchitis 849 
passive immunization to virus 851 
production of immunity in ferrets against 
various strains of virus of epidemic influ- 
enza, 73G 

Ingraham E S , Jr Chemotactic properties 
of tuberculophosphatide and tuberculopoly- 
saccharide, *773 

Instruments See also Apparatus 
inexpensive electric bone saw, *5G1 
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Insulin Sec slso Diabetes MclIItiis, Pincreis 
hypoKbcemin and Rljcogenlc hepatoracgalj 
in diabetes melUtus *113 
Intestines See also Cecum, Duodenum, Gas- 
trointestinal Tract 

enteric intramural herniation follonlng colos- 
tomy, 451 

experimental hypertension 501 
intraniesentcric diveiticulum of small intes- 
tine, 708 

polyps , genesis and relation to malignant 
growths 443 

wave mechanics of smooth muscle action 
experimental multiple reflections bctucon 
intestinal ligatures transform frai cling into 
stationars micropressure wares in smooth 
muscle *821 

Intranuclear Inclusions *800 under Cells 
Iron, radioaefire iron and its mefaliolism in 
anemia 487 

Irradiation Sec Hadiations liocnigcn Ilnrs 
and under names of diseases and organs 

Jagzickto Sec Lungs tumors 

Taundice spirochetal , laboratory cases of M oil's 
disease 140 

Taws metastatic adenocarcinoma in lower jaw- 
bone, *088 

Tejunum See Intestines 

Tennings IV P Ncuropathologic study of 
case of tetanus 808 
Tpyvs and cancer 280 
Tournals Sec Periodicals 

Tunsnrudence yicdical Sec also Coroners and 

Medical Examiners , etc 
Durct-Berner hcmorrliagcs 440 
laxltv as to qualifications of expert in Com- 
monwealth of Pennsylvania ns lllustratod 
hv recent legal testimony 280 
medicolegal conference 483 
need for improvement in medicolegal linestl- 
gation 290 

subarachnoid hemorrlinge of ancurysmnl ori- 
gin its interest in legal medicine, 718 

Kaposi’s Sarcoma See Sarcoma 

Kay C P Blood pressure in experimental 
nephritis produced by injection of nephro- 
toxic serum *37 

Kidd T G Effect of exfrayasafed antibody on 
antigenicity of extracts of y Inis-lnduccd 
rabbit papillomas 738 
Kldnevs Sec also Urlnarv Tract 
aichitecture of amyloid kidney, 449 
blood supply , experimental hypertension by 
constriction of aorta, 27G 
changes in distribution of renal phosphatase 
in experimental nephropathies 723 
Diseases See also Hydronephrosis Nephritis 
diseases , acute hemolytic anemia and tubular 
nephrosis with uremia resulting from ad- 
ministration of sulfapyrldlne (2- [para- 
amlnobenzene-sulfonamldo] -pyridine) 838 
diseases , electrophoretic study of nephrotic 
serum and urine 846 

effect of acute and chronic urinary retention 
on 439 

effect of induced collateral circulation from 
spleen to ischemic kidney on experimental 
renal hypertension 728 
experimental hypertension, 564 
experimental study of atrophy of tissues and 
organs, 131 

genesis of polycystic disease of 869 
Glomerulonephritis See Nephritis glomerular 
histologic changes in renal arterioles of hy- 
pertensive rabbits, *777 
hypertension (Goldblatt) and unilateral ma- 
lignant nephrosclerosis 452 
manner of groyvth of frog carcinoma 287 
pathologic and histologic changes following 
oral administration of sulfapyrldlne with 
short note on sodium sulfapyrldlne *67 
plastic studies in abnormal renal architec- 
ture , parenchymal alterations in experi- 
mental hydronephrosis *77 
production of kidney antibodies, 442 
production of pressor substance by anaerobic 
autolysls of renal cortex 728 
renal function and number of glomeruli in 
human kidney, 275 


Ivlrsclilmiim A Ljmpiiold tumors In niict 
rccelylng estrogens, *1 

Klein, A J Experimental gastric carcinoma , 
critical reylew yyitli comments on criteria 
of induced mallgnancj, *811 
Kocli's Bacillus See Tubercle Bacilli 
Kolb, L It Degeneration of sonsorj neurons 
ill pigs, 726 

Kornbliim, K Patliologic nature of irradi- 
ation sickness, new method for inducing 
shock, 723 

Krafka, I , Jr Ciianges in elasticity of aorta 
with age, *308 

Kronfeld, It Metastatic adenocarcinoma in 
lower jayybone, *(,S3 

Knimbhaar, L B ^aturc, incidciKc and dura- 
tion of Hodgkin s disease, 870 

Laboratories, laboratory cases of A3 ell’s dis- 
ease, 110 

Landsberg, T A\' I xpcrlmcntal studies In car- 
dloyascnlar pathology, pathologic changes 
in organs of rats produced by chronic 
nitrite poisoning *08 ! 

Larson, C I’ AIodKlcallon of Massons telra- 
chroine stain for routine pariflln sections 
of tissue fixed in solution of formaldehyde 
and saline solution *272 
Laiirylthlocyanalc Sec Thiocyanates 
Leary T Dissecting aneurysm of aorta in 
experimental atherosclerosis *665 
Lennettc E H Production of immunity in 
ferrets against yarlous strains of alrus of 
epidemic influenza, 786 
Lenticular Nucleus, syanmelrlc necrosis of glo- 
bus pallldus in barbiturate poisoning, *271 
Letliane 881 See dhlocvanates 
Lcukemli, does castration alter Incidence of 
leukosis in male fowl? 726 
Inyohcment of bone in, 279 
lymphoid tumors in mice receiving estro- 
gens, *1 

myeloid, and nonmallgnant extramedullary 
niyelopolesis in mice, 714 
studies on resistance to transmissible leu- 
kemia in mice by means of parabiosis *163 
susceptibility to transmitted leukemia occur- 
ring in mice, 853 

Leukocytes See also Leukemia, Lymphocytes, 
Alononuclcosls , etc 

additional obscryatlons on positive and nega- 
tive chcmotaxls, experiments yvltli myxomy- 
ccte, *220 

chemotactic properties of tuberculophosphatido 
and tuberculopoly saccharide, *773 
cxtravascular development of monocyte ob- 
served in vlyo 437 

mitotic leukoblasts in peripheral blood In In- 
fectious mononucleosis 719 
pathogenicity of avirulent pneumococci for 
animals deprived of leukocytes, 281 
Leukosis See Leukemia 
Lev, M Tetralogy of Elsenmenger, 866 
Levin E J Modification of Masson’s tetra- 
chromc stain for routine paraffin sections of 
tissue fixed in solution of formaldehyde 
and saline solution, *272 
Levinson, S A History and progress of 
scientific yyork of Cook County coroners 
office 145 

Light See also Radiations, Ultraviolet Bays 
comparison of some carcinogenic with non- 
carclnogenlc compounds ns to photodynamic 
activity', 287 

Lillie R D Blebrich scarlet-plcro-nniline 
blue , neyv differential connective tissue and 
muscle stain *705 
Lilly, Eli , award of medal, 129 
Llpemia See Blood, fats and lipoids 
Lipid See Lipoids 

Lipoid Histiocytosis See Niemann’s Disease 
Lipoids See also under Cholesterol , Hat , 
Phosphorus and Phosphorus Compounds, 
etc 

chemistry of atherosclerosis , lipid and cal- 
cium content of Intlma and of media of 
aorta with and yyltliout atherosclerosis, 
•31 

diabetes and pulmonary tuberculosis 280 
lipids and immunologic reactions, 711 
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Lipoids — Continued 
Nephrosis Seo Kldnejs, diseases 
reticiilocndotlioliosis wltli lipoid sloraRe, *120 
Lisco, H Degeneration of sensors neurons In 
pigs, 720 

Lissauer’s Parahsis Sec Dementia Paraljtlca 
Li\er, antlaneraic principle in liver from pa- 
tients with carcinoma of stomach and of 
cecum, 729 

aspiration biopsy of SOG 
aspiration biopsj of tumor, 443 
cancer and acanthosis nigricans in dog, 853 
carbon tetrachloride cirrhosis of, 277 
"cardiac cirrhosis” of 505 
disease in hjpertlnroidlsm, *20 
effect of transplantation of liver into mice 
prcvioiislj treated with liver 277 
injections of gum acacia In bile tlstula dogs, 
504 

necrosis following burns, simulating lesions 
of Yellow fever, 70S 

paraffinoma of lung with sccondan tubercle- 
llKe lesions in liver and spleen, *091 
pathology of spontaneous pneumonitis and 
hepatitis in mice, *505 

hong E R Pulmonary pneumatocele (bullous 
cmphjsema giant bullae of lung, polj- 
cystic lung) , report of case 809 
Longcope, IV T Annual Gross lecture , cardio- 
vascular reactions In glomerular nephritis, 
575 

Lorenz, E Incidence of Induced pulmonary 

tumors in susceptible mice raised in dust- 
free air, *484 

Louping 111 See Encephalomjelltls 
LucKe, B Effect of temperature and of 

starvation on character of growth of frog 
carcinoma Implanted In anterior chamber 
of eye, 724 

® Lavlty as to qualifications of cYpert 
in Commonwealth of Pcnnsalvanla as Illus- 
trated by recent legal testlmonj, 289 
Lungs See also Respiraforj Tract , etc 
alveolar lining of lung in relation to viability 
of fetus *748 

ispiration biopsy of tumor, 573 
cancer , carcinogenic agents present In atmo- 
phore and Incidence of primary lung 
tumors in mice, 287 

congenital infection of lungs, middle ears 
and nasal accessory sinuses, *455 
damage following roentgen irradiation, 440 
diseases, comparative study of pulmonary 
lesions of nervous origin, 131 
evamatlon of apparently increased Incidence 
of primary carcinoma, *025 
evperlmental cancer, 573 
hemangioendothelioma of, report of 2 cases 
*517 

incidence of Induced pulmonary tumors in 
susceptible mice raised in dust free air, 
*484 

incidence of primary carcinoma , review of 
Yale autopsy protocols, 1917 to 1937, *049 
induced pulmonary tumors In mice , reaction 
of lungs of strain A mice to carcinogenic 
hydrocarbons, *239 

induced pulmonary tumors In mice , sus- 
ceptibility of 7 strains of mice to action of 
Intravenously injected metliylcholanthrene, 
*229 

Paraffinoma with secondary tubercle-llKe 
lesions In liver and spleen, *091 
pulmonary pneumatocele (bullous emphysema, 
giant bullae of lung, polycystic lung) , 
report of case, 809 

radmsensltlvity of primary carcinoma and 
effect of irradiation on time of survival, 
o64 

traumatic alteration of elastic fibrous system 
of 719 

^'*^ercle bacilli in nontuberculous lung tissue, 
440 

Tuberculosis See Tuberculosis, pulmonary 
tumors production in mice, 284 
tumors, pulmonary adenomatosis (jagzieLte) 
in sheep, 144 

Lurie, "M B Natural quantitative respiratory 
contagion of tuberculosis, 722 


Ljmph Nodes Seo also Lymphogranuloma, 
Lymphosarcoma , etc 

liomolvtlc streptococcus lymphadenitis in 
guinea pigs, 847 

skin test for detecting group C hemolytic 
streptococcic Infection causing epizootic 
lymphadenitis in guinea pigs, 710 
Ljmphatic Sjstcm See also Ljmph Nodes 
effect of acute and chronic urinary retention 
on kidney, 439 

Ljmplioblastoma, follicular, and related form 
of lymphosarcoma, 445 
in mice following administration of carcino- 
genic tar, 852 

Lymphoev tes See also Leukemia , Leukocytes 
in acute inflammation in rabbit, 438 
In Meningitis See under Meningitis 
Lymphogranuloma See also Granuloma 
nature, incidence and duration of Hodgkin’s 
disease 870 

Lymphogranuloma Venereum, agent in fertile 
hen’s egg 733 

cultivation of virus on chorioallantoic mem- 
brane, 733 

histology of Erel’s reaction 279 
Lymphoid Tissue Seo also Lymph Nodes, 
Lymphatic System Tonsils , etc 
lymphoid nodules of human bone marrow, 
278 

Lymphosarcoma, follicular lymphoblastoma and 
related form of lymphosarcoma, 445 
Lysins See Hemolysin, Hemolysis 

McCartney, J S Jr Malignant granulosa cell 
tumor of ovarv *203 

McDcarman, S Effect of certain "sev hor- 
mones” on spread of india ink and resist- 
ance to virus Infection 724 
McDowell A M Comparison of starch paste 
and albumin mlvture as agents for routine 
mounting of paraffin sections, *432 
McEwen C Tophus of mitral valve in gout, 
♦700 

MeJunkin, E A Effect of thyroid and cal- 
cium therapy on growth of sarcoma trans- 
plants in thyroparathyroidectomized rats, 
*785 

McKee, C M Agent of lymphogranuloma 
venereum in fertile hen’s egg, 733 
MacMahon, C C Effect of loss of gastric 
juice on electrolyte balance of dog, 727 
Mad Itch See Pseudorabies 
Maddock S Effect of complete and of partial 
biliaiy obstruction on serum phosphatase 
and bile acids of dog, 727 
Effect of loss of gastric juice on electrolyte 
balance of dog 727 

Maghee Y Effect of complete and of partial 
biliary obstruction on serum phosphatase 
and bile acids of dog, 727 
Maison, G L Production of Internal tumors 
with chemical carcinogens, *8 
Malformations See Monsters and under 
names of organs and regions, as Heart , 
etc 

Malta Eever See Undulant Eever 
Mammary Gland See Breast 
Mandible See Jaws 

Mansfield, J S Effect of induced collateral 
circulation from spleen to ischemic kidney 
on experimental renal hypertension, 728 
Marine, D Does castration alter incidence of 
leukosis in male fowl? 720 
Mastitis See Breast, inflammation 
Maxillary Bone See Jaws 
Mayer, L L Experimental retinoblastoma, 450 
Mead Johnson &. Company award 700 
Means, J H Radioactive iodine as Indicator 
in thyroid physiology observations on 
patients with goiter 731 
Measles, virus pneumonia of infants secondary 
to epidemic infections, 130 
Mebane, J G Effect of nitrogen retention on 
regeneration of plasma proteins, 729 
Medals, Eli Lilly award of medal, 129 
Walter Reed medal 129 
Mediastinum, Emphysema See under Em- 
physema 

Medium See under names of bacteria, 1 e , 
Tubercle Bacilli , etc 
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Melanonn, 800 

blue ne\us, distinction fiom nnllKiiniit mcl- 
anomas, 572 

Meninges subarachnoid hemoiiliagc of aneurjs- 
mal origin, Its Inteitst in legal intdlclnc, 
718 

Meningitis See also Meningococci 

meningococclc, experimental and clinical ob- 
sonations on action of sulfanll iinide In 
meningococcus Infection of chick cmbr\o 281 
pseudobmpbocjtlc cliorlomcnlngltis, 570 
size of clrus of bmpbocjtlc cliorlomcnlngltis 
as deteimlned bj ultratlltratlon and ultra- 
centiifugation, 110 

virus of hmphocjtlc cliorlomcnlngltis In min, 
725 

Sleningococcl See also under Alcnlngltls 
gljcolipoid antigen of meningococcus and 
gonococcus 724 

Meningoencephalitis See Lnccphalltls , Men- 
ingitis 

Menopause, morphologic carlatlons In adeno 
carcinoma of uterine fundus Mith icfcrcnce 
to action of progestin and progestin like 
hormone before and after menopause 588 
Morcurj, experimental acute pcrchlorlde In- 
toxication, 277 

Methionine, effect of dl-methlonlnc and 
l-cjstelne on cleat age rate of mammallin 
eggs, *181 

Methjlcholanthienc, experimental gastric cir 
clnoma, critical retlctt tilth comments on 
criteria of Induced mallgnaiicj, *814 
histologic changes and transplantation of 
tissue surrounding nicthtlcholanthrcne pel- 
lets 854 

induced pulmonarj tumois In mice, siis 
coptibllitt of 7 strains of mice to action 
of intiatcnousl} Injected mctlolcholan- 
threne, *228 

induced tumors of salitary glands of mice 
730 

induction of gastric tumois In stialn A 
mice bt methjlcholanthienc, *153 
production of lung tumors In mice, 284 
vitamin E and experimental tumors, 281 
Microfilm sets of periodicals, 129 
Micro-Organisms See Bacteria, Eungl , etc 
Milk Spots See under Pericardium 
Miller, B J Eflcct of dl-mctliloninc and 
1 cjstelne on cleaiagc rate of mammalian 
eggs *181 

Miller, C P Gljcolipoid antigen of meningo- 
coccus and gonococcus, 724 
Pathologic changes in experimental gono- 
coccic Infection 725 

Miller, H G Mj asthenia grails and thjmus 
gland, *212 

Miller, J L Jr Degeneration of sensory 
neurons In pigs, 72G 

Mills, M A Genesis of prlraarj pulmonarj 
lesions In experimental tuberculosis of 
dogs 731 

Mineral appetite of paiatlij-roldectomlzed rats, 
130 

Mitosis See Cells, division 
Mitral Valve, tophus of mitral lalve in gout, 
*700 

Molds See Fungi 

Moles See Iseii 

Molluscum chemistry of molluscum Inclusion 
body, 568 

Mongolism pituitary In, 438 
Moniliosis, subacute endocarditis ivith sys 
temlc moniliosis, 448 
Monocytes See Leukocytes 
Monocytoma transmissible, of mouse 285 
Mononucleosis infectious, mitotic leukoblasts 
in peripheral blood in 719 
Monsters parasitic posterior reduplication of 
head, 709 

Moon V H Pathologic nature of Irradiation 
sickness , new method for inducing shock, 
723 

Moragues, T ParafBnoma of lung with second- 
ary tubercle-like lesions in liier and 
spleen *691 

Morgan D R Pathologic nature of irradiation 
^jekness , new method for Inducing shock. 


■Morgan, I tf J fTc( t of ImmuiiL scrum and 
intcines on experimental nrthiltis produced 
bj flltiable microorganisms of mouse 
lilciiropiieumonla group, 785 
Mon Ison, I) B Anatomic changes in dogs 
folloiiing Injections of hematin 725 
■Mouth, tuberculosis 281 
■Mucin See under Stomach 
Aliilleu s Duet, nietapl isl i of epithelium of 
Iirostatlc glands, utricle and urethra of 
letiis and lit ii born Infant, *194 
Murrlll 5\ A Comparison of urinarj and 
Serum piotelns, 722 

Aliiselcs, Blcbrlth scarlet plcro aniline blue, 
lieu dlfTcreiitl il connectlio tissue anci 
muscle stain, *705 

na\e< mechanics of smooth muscle action, 
experimental multiple rcficetloiis between 
Intestinal ligatures tiansform trai cling 
Into stationary mlcropressure naies In 
smooth muscle, *321 

Myasthenia grails and thymus gland, *212 

Mycosis fiingoldcs, pathologic nitiirc of, *530 

Atjcllii See Senes 

AIjclopolcsls See under Tctilemli 

Aljocardltls, embolic 708 

Aliocardlum See Heart 

Alixoma, Infectious, Immune reactions of ilrus 
injxomatosum, 28! 

Infections, Immunologic relationship of 
Shope’s rabbit fibroma ilrus to ilrus of 
Infectious mixomatosis, 281 
Infectious, ilrus of 851 
spccKlc neutralization of ilrus, 785 
All xonii cotes See 1 ungl 

N-Butyl-Carbitol-Thlocyanato Sec Ihioeian- 
ates 

Mcgrl Bodies Sec Babies 
Nelson, A A Pericardial mil! spots *256 
Neoplasms See Cancer Sarcoma, Tumors 
Nephritis Sec also Kldneis disc iscs , Uremia 
blood pressure In experimental nephritis pro 
dticcd by Injection of nciihrotoxle serum 
•57 

complement In, 4 1 ! 

coronary and aortic sclerosis peri irtcrltis 
nodosa, chronic nephritis and hypertension 
as scfiuclac to single experimentally pro- 
duced widespread calcli ni precipitation in 
lat, 731 

effect of diet In rats, 180 
glomerular, cardloi oscular reactions In, aii- 
iiiial Gross lecture, 575 
nephrogenic osteodistroplij , 182 
parathyroid hormone and iltaniln D nciih- 
ritls, 565 

production of 1 Idnej antibodies, 442 
response of different strains of rats to ncpli- 
lotoxln, 728 

Nephropathy Sec under Kldneis 
Nephrosis See Kidneys, diseases. Nephritis 
Ncplirotoxlns See under Nephritis 

Nerves Cells See Neuions 

histologic changes in peripheral nerves of 
rat in vitamin Bi deficiency 275 
polarized light for study of myelin degener- 
ation, 718 

Tumors See under names of tumors, as 
Ganglioneuroma, Neuroflbioma , etc 
Neivous System See also Biain, Cerebellum 
Nen es etc 

comparatlie study of pulmonari lesions of 
nervous origin 131 

Tumors See under names of tumors, as 
Ganglioneuroma , Neurofibroma , etc 
tumors of sympathetic nenous system 119 
Neter E Experimental and clinical obser- 
vations on action of sulfanilamide in 
meningococclc meningitis 588 
Neuroblastoma tumors of sympathetic nervous 
system 149 

Neurons degeneration of sensory neurons in 
pigs, 726 

metamorphosis of nucleus of neuron in inani- 
tion due to prolonged starvation, 723 
neuronophagia in human cerebral cortex in 
senility and m pathologic conditions, *400 
Neutropenia See Agranulocytosis 
Nevi, blue distinction from malignant melan- 
omas 572 
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^e^^bo^n Infants See Infants, ^e\\bo^n 
Iscnburgb, h H Cominnlson of urinary and 
serum proteins, 722 

Mcolas Farrc's niseaso See L 3 inphoKranu- 
loma 1 cnereum 

>»Iemann’s Disease, lipoid lilsUocatosIs , report 
of case with postmortem ind chcniltnl 
studies of spleen, *420 

Aitritc, experimental studies In caidloeascular 
patliolopx patholoKlc changes in orRnns 
of rats produced bj tljronlc nitrite poison- 
ing *033 

Mtrocresol, influence of dinltrocrcsol on dc- 
rclopraent of tar tumors In mice, 113 
Mtrogen, effect of ictentlon on regeneration of 
plasma piotelns, 720 

ISorris, J1 r Genesis of poheestic disease of 
Kldnexs, 3G9 

Occupational Diseases See Industrial Dis- 
eases 

Oil of IMntergrocn Sec Hrcist, tumois 
Old Age, cinnges In clasticltj of aorta ulth 
age *303 

neuionoplngia In In man cerclnal cortex In 
senilite and In patlioiogic conditions, *100 
Simmonds’ disease (pltultarx c iclicxla) In 
aged man with dementia praecox, *310 
Oliver ^7 Pi Arcliitecture of amyloid Kldnc}, 

Oppenlieimci, D H Congenital atresia of 
pancreatic duet witli castle fibrosis of pan- 
creas, *700 

tissue in experimental exoplithalmos, 
273 

Osier’s Disease See endocarditis, infectious 
fibrosa, neplirogenlc osteodjstioplij’, 

Osteodjsfrophx See Osteitis fllirosa 
Osteogenesis Imperfecta See Bones fragility 
Osterberg, A E Elpoid liistiocitosis , report 
of case with postmortem and chemical 
studies of spleen, *420 

Oswald A c Beliaiior of tubercle bacilli 
following their Intraacnous infection Into 
resistant animal (rat) *078 
oiary, hormone, moipiiologic variations In 
adenocarcinoma of uterine fundus with 
reference to action of piogcstln and pro- 
gestln-IlKe hormone before and after meno- 
pause, 383 

malignant granulosa cell tumor, *203 
0\um See Eggs 

Oxygen tension and tubercle bacillus, ICO 
'*849 ^ of tubercle bacilli on restriction of, 

Paget’s Disease of Isipple See under Breast 
Balge, B H Congenital anomalies of coro- 
nary arteries with cardiac hypertrophy m 
Infants, 857 

Fain painful subcutaneous tubercle (tubercu- 
lum dolorosum), 285 

Palmer, B I, Experimental gastric carci- 
noma , critical re\ lew w 1th comments on 
criteria of induced malignancy, *814 
■lancreas, carcinoma of, 445 
carcinoma of body and tail of, 715 
congenital atresia of pancreatic duct with 
cptlc fibrosis of, *790 

tubeiculosis In pancreas of children. 

Pancreatic Duct, congenital atresia of pan- 
creatic duct with cystic fibrosis of pan- 
creas, *790 

See Trachoma 

iapliiorna, effect of extraxasated antibody on 
antigemcitx of extracts of xirus-induced 
rabbit papillomas, 733 
experimental lung cancer 573 

of rabbit papilloma virus protein, 
710 

Papyrus, earliest Known reference to heart 
and circulation, 130 

■1 arabiosis studies on resistance to transmis- 
sible leukemia in mice by means of para- 
biosls, *1G3 

araffln, comparison of starch paste and al- 
otimin mixture as agents for routine 
mounting of paraffin sections *432 


Paraffin — Contlmiod 

modification of Massons tetiachrome stain 
for routine paraffin sections of tissue fixed 
In solution of foimaldehyde and saline 
solution, *272 

Paraffinoma of lung with secondaiy tubeicle- 
llko lesions In liver and spleen *G91 
Paralysis Bulbar Infectious &eo Psoudorabies 
Central See Dementia Paralytica 
Infantile See Poliomv elitis 
Parasites, larvae of Multiceps seiialis In gelada 
baboon, possible lolatlon to hydatid dis- 
0 ise 807 

Pantbyioid hoiinone and vitamin V nephritis, 
5G5 

hvpcipaialhyroldlsm m infancy and child- 
iiood 448 

Parathyioidectomy, mineral appetite of para- 
tliy roldcctomlzcd rats, 130 
Parkei, It P Specific neutralization of vlius 
of myxoma, 735 

Parsons, B T Transfomatlon of mycelial 

form of Hlstoplasma capsulatum. Bailing 
to ycastllKe fonn in mice, 731 
Paternity See also Blood, gioups 
legislation for blood grouping tests, 129 
Paterson J C Capillary rupture with in- 

timal hemorrhage in causation of cerebral 
vascular lesions, *345 
Pathologv, fellowship in 274 
Patras, JI C Effects of thyroid and calcium 
therapy on growth of sarcoma transplants 
in thyioparathyroldectomized rats *785 
Payne, C A Inexpensive electric bone saw, 
*5GZ 

Pcery, T M Evaluation of apparently in- 
creased Incidence of piinnry carcinoma of 
lung, *G25 

Peptic Ulcer, histologic changes in nervous 
system In cases of, 134 
histology of chronic peptic gastric and duo- 
denal ulcer, 439 • 

Peptides, serologic specificity of, 141 
Periarteritis nodosa, coronaiy and aortic scler- 
osis chronic nephritis and hypertension as 
sequelae to single experimentally produced 
widespread calcium precipitation in rat, 
731 

Pericardium, pericardial milk spots, *250 
Periodicals, microfilm sets of, 129 
Peroxide, type of group A hemolytic strepto- 
coccus which fails to form peroxide, 130 
Pertussis See Whooping Cough 
Phagocytes and Phagocytosis See Immunity , 
Leukocytes , Reticuloendothelial System 
Phosphatase, changes in distribution of renal 
phosphatase In expeiimental nephropathies, 
725 

in Blood See Blood, phosphatase 
Phosphatide See Phosphoius and Phosphorus 
Compounds 

Phosphorus and Phosphorus Compounds, 
chemotactic properties of tuberculophos- 
phatlde and tuberculopolysacchande, *773 
Photosensitization See under Light 
Pick-Niemann’s Disease See Niemann's Dis 
ease 

Pineal Gland, pinealoma, 28G 

pinealoma of diffuse ependymal origin, 854 
Pinealoma, 28G 

of diffuse ependymal origin, 854 
Pinkerton, H Paiaffinoma of lung with 
secondary tubercle-like lesions in liver ana 
spleen, *091 

Pituitary Body, cytologic changes induced in 
hypophysis by pituitary extract, 436 
effect of hypophysial transplants in various 
strains of mice, 443 
experimental adenoma of, 144 
in mongolism, 438 

malignant adenomas of chiomophobe cells of, 
♦3GS 

Simmonds’ disease (pituitary cachexia) in 
aged man with dementia praecox, *310 
tumor induction and tumor growth m hypo 
physectomlzed mice 852 
Pituitary Preparations, cvtologlc changes In- 
duced m hypophysis bv pituitary extract 
4SG 
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Pituitary Preparations — Continued 
effects of proIonRcd injections of bo\inc an- 
terior pituitarj e\tract on bone and car- 
tiiage of guinea pigs, ‘SSo 
fat tissue in experimental exopiitbalmos, 
Placenta, consideration of certain tjpes of 
benign tumors, 287 
permeability to antibodies, 850 
Plague, bacilli , studies on Bacillus pcstls anti- 
gens as prophylactic agents, 570 
Plasmocytoma, extramedullar}, 440 
Plaut, A Hemangioendothelioma of lung , 
report of 2 cases, *517 

Pleuropneumonia, effect of Immune serum and 
vaccine on experimental arthritis produced 
bv flltrable micro-organisms of mouse 
pleuropneumonia group, 735 
Pneumococci, bacterial agglutination 850 
bactericidal agent from soil bacillus, 130 
bile action on pneumococci and streptococci, 
848 

effect of "sex hormones" on formation of im- 
mune bodies 723 

intermediate streptococcus-pneumococcus 
strains 583 

lipids and immunologic reactions, 711 
pathogenicity of a\lrulcnt pneumococci for 
animals deprived of leuboevtes, 281 
serologic studies on sugar 830 
specific poh saccharides of types I, II and HI 
of, 711 

Pneumoconiosis, industrial dusts and mortality 
from pulmonary disease, 137 
pulmonary asbestosls 713 
silicosis of spleen and silicotic nodule, 70S 
Pneumonia See also Pleuropneumonia 
experimental, chemotherapy of 282 
influence of sulfanilamide and sulfapvridlnc 
on eyolutlon of exporlmonfally Induced pneu- 
mococcic pneumonia In rats 803 
nonsyphllitlc interstitial of infants 507 
pathology of spontaneous pneumonitis and 
hepatitis in mice *503 
produced bv typhus rlcKettsIae 280 
sputum studies as aid to prognosis in, 721 
tests of antlpneumococclc treatments in rats 
851 

virus pneumonia of Infants secondary to epi- 
demic Infections 130 
Pneumonitis See Pneumonia 
Poison Ivy See Bhus, poisoning 
Poisons and Poisoning Sec under names of 
specific substances as Barbital and Bar- 
bital Derhatlves, Benzene, Jlcrcury , M- 
trite, etc 

Polayes S H Subacute endocarditis ulth sys- 
temic monlllosls 448 

Poliomyelitis, experimental transmission to east- 
ern cotton rat 709 

geographic distribution in Louisiana 724 
Pollack, A D Visceral and vascular lesions 
in scleroderma, 859 
Polyarthritis See Arthritis 
Polypi See under Intestines 
Polysaccharides See Carbohydrates 
Pons Varolil, etiologic factors in experimentally 
produced pontile hemorrhages 27G 
Potter E L Tumors of sympathetic nervous 
system, 149 

Poivell H M Eurther inoculation experiments 
yvith virus of common cold, 735 
Precipitin See also Anaphylaxis and Allergy, 
Immunity , Streptococci hemolytic 
serologic specificity of peptides, 141 
Pregnancy See also Fetus 

increasing plasma prothrombin In neyvborn in- 
fant 846 

Prizes See also Medals 
Leon Bernard prize, 435 
Mead Johnson A Company ayvard, 706 
Progestin See Oyary, hormone 
Prostate carcinoma, incidence of, 283 

metaplasia of epithelium of prostatic glands, 
utricle and urethra of fetus and neuborn 
Infant *494 

squamous metaplasia, simulating carcinoma 
associated yvith prostatlc infarction 707 


Protein See also Albumin, Enzymes, etc 
action of proteolytic enzymes on antitoxins 
and proteins in immune serum, 142, 412 
enhancing effect of nzoprotelns on lesions, 131 
in Blood See Blood, proteins 
Inlilbltlon of transplantable tumor by tissue 
extracts 715 

isolation of rabbit papilloma ylrus protein, 
716 

Shock See Anaphylaxis and Allergy 
Protlirombln See Blood, coagulation 
Pseudo osteosarcoma, morphogenesis of extra- 
skeletal osteogenic sarcoma and pseudo- 
osteosarcoma *!2 

Pscudorables, cultlyatlon of ylrus of Aujcszkv’s 
disease on chorioallantoic membrane of de- 
veloping egg 143 

Purpura haemorrlnglca associated yylth yyidc- 
spread deposits of crystalline material, rc- 
tlculocndothcllosls, *353 

Rabies, preliminary obscryatlons in chick em- 
bryo, 721 

Iladlatlons See also Roentgen Rays, Lllravio- 
let Rays, and under names of yarlous dis- 
eases 

effect of Irradiation on blood, 292 
Radioactivity See also Tliorlum 

distribution of largo doses of radloaqtiyc 
phosphorus In rats, 730 
radloactiye Iodine ns Indicator In thyroid 
physiology , obseryntlons on patients yyltli 
goiter 731 

radloactiye Iron and its metabolism In anemia 
437 

Rake, C Agent of lymphogranuloma venereum 
in fertile hen s egg, 733 

Ratcllffe H L Laryae of Multlccps scrlalls In 
gelada baboon, possible relation to Indatld 
disease 807 

Ravld, 1 M Acute hemolytic anemia and tu- 
bular nephrosis yylth uremia resulting from 
administration of sulfapyrldine (2-[para- 
amlnobenzene sulfonamldo] -pyridine) 858 
Recklinghausen s Disease See Osteitis fibrosa 
Reed, Balter medal, 129 

Reichlc, n S Ulceroglandular tularemia re- 
port of 3 fatal cases yylth autopsies *173 
Reimann S P Pffect of dl-metbionlnc and 
1-cyslelno on cleavage rate of mammalian 
eggs *181 

Reaction of mouse skin to yarlous reduced and 
partially oxidized sulfur compounds, *175 
Rcinsteln, H Pflect of complete and of partial 
biliary obstruction on serum phosphatase 
and bile acids of dog 727 
Respiratory Tract See also Bronchi etc 
Diseases See also Bronchitis , Pneumonia , 
etc 

diseases, further Inoculation experiments yyith 
ylrus of common cold 735 
Reticulocytes See Erythrocytes 
Reticuloendothelial System See also Anemia, 
Jaundice , Liver , Mononucleosis etc 
cellular reactions to dye protein, 283 
cytology of vascular and mesenchymal lesions 
in typhus fever and their significance 134 
purpura haemorrlnglca associated yyith yyide- 
spread deposits of crystalline material, 
retlculocndothellosls, *553 
reticuloendotheliosis yvith lipoid storage *120 
Rctlculoendotheliosls See Retlculoendotheliitl 
Sy stem 

Reticulum See Golgi Apparatus, Tissue, con- 
nective 

Retina, experimental retinoblastoma, 450 
Retinoblastoma, experimental, 430 
Rhoads, C P Aplastic anemia, 864 
Rhus, poisoning , sensitization yvith chemical 
compounds, 141 
Rickettsia See also Typhus 

pneumonia produced by typhus rlckettslae, 280 
Rivers, T M Chemical analysis of vaccinal 
elementary bodies, 734 

Roberts, A Radioactive iodine as Indicator in 
thyroid physiology , observations on patients 
yyith goiter 731 



INDEX TO VOLUME 29 


889 


liobinson, H PntlioloRlc and hlstoloRlc changes 
following oral administration of sulfapyrl- 
dlne with short note on sodium sulfapjrl- 
dlne, *07 

Koentgen Ra^s, damage of lungs following roent- 
gen Irradiation, 440 
lmmunlt\ to Shope fibroma virus 143 
pathologic nature of Irradiation slchncss, new 
method for Inducing shock, 723 
Therapy Sec under names of organs, regions 
and diseases 

Rosahn, P D Incidence of prlmarj carcinoma 
of lung, review of Yale autopsj protocols, 
1317 to 1937, *049 

Rosen, S H Does castration alter Incidence 
of leukosis In male fowl? 72G 
Rosenberg, E F Lipoid hlstlocjtosls , report 
of case with postmortem and chemical stud- 
ies of spleen, *420 

Rosenfeld, I ElTcct of "sev hormones” on 
formation of immune bodies, 723 
Rubeola See "Measles 

Rukstlnat, G J Enteric Intramural herniation 
following colostomj, 431 
Rusch, H P Production of Internal tumors 
with chemical carcinogens, *8 

Sabin, A B riTcct of Immune serum and vac- 
cines on experimental arthritis produced by 
flltrable micro-organisms of mouse pleuro- 
pneumonia group, 735 
Saccharides Sec Carbohj drates 
Salivary Glands, Induced tumors of mice, 730 
Salmonella, International Salmonella Center, 129 
Salter, tV T Experimentally Induced benlg- 
nancy of neoplasm , suppression of mitotic 
activity by so-called immunization, *741 
Sanarelll Phenomenon See Immunity 
Saphlr, 0 Effect of Intracutaneous growth of 
Brown-Pearce tumor on preexisting testicu- 
lar tumor, 730 

Hypertension (Goldblatt) and unilateral ma- 
lignant nephrosclerosis, 452 
Sarcoma See also Cancer, L 3 raphosarcoma, 
Tumors, etc 

angioreticuloendothelioma (Kaposi's disease) 
of heart, 444 

contorted mitosis and superficial plasraagel 
lajer, 144 

effects of thjrold and calcium therapy on 
growth of sarcoma transplants In thjro- 
parathyroldectomized rats, *785 
endometrial, *800 

experimentally Induced benignancy of neo- 
plasm, suppression of mitotic acthity bv 
so-called immunization *741 
formation of fibrils In cultures of Jensen rat 
sarcoma, 288 

morphogenesis of extraskeletal osteogenic sar- 
coma and pseudo-osteosarcoma, *42 
production of carcinoma and sarcoma In 
guinea pigs by thorotrast [colloidal thoiium 
dioxide], 143 

production of internal tumors with chemical 
carcinogens *8 

Scarlet Fever See also Streptococci 
inclusion bodies in 848 

Schenken, J R Antlanemic principle in liver 
from patients with carcinoma of stomach 
and of cecum 729 

Effect of varjing doses of estrogen on In- 
cidence of mammary gland carcinoma in 
strain CaH mice 729 
Schick Test See Diphtheria 
Schizophrenia See Dementia Fraecox 
Schlumberger H Effect of temperature and 
of starvation on character of growth of 
frog carcinoma Implanted in anterior cham- 
ber of eje, 724 

Schwannoma tumors of sjmpathetlc nervous 
sjstem, 149 

Scleroderma visceral and vascular lesions In, 
859 

Sclerosis See Arteriosclerosis 
Senility See Old Age 
Septicemia See Streptococci 
Serodiagnosis See under names of diseases 


Scrum See also Blood 

Immune See also Anthrax , Streptococci , etc 
Immune, specific antiserum for blood group 
factors A, B, IM and N, 442 
Sickness See Anaphylaxis and Allergy 
Sox, Hormones See under Hormones 
research In problems of, 435 
Shaffer, J M Disease of liver in hyperthy- 
roidism, *20 

Shaffer, M F Agent of lymphogranuloma 
venereum In fertile hen's egg, 733 
Shlmkln, M B Induced pulmonary tumors In 
mice , reaction of lungs of strain A mice to 
carcinogenic lijdrocarbons *239 
Induced pulmonary tumors in mice , susceptl- 
billtj of 7 strains of mice to action of in- 
traienously Injected methjlcholanthrene, 

*229 

Shock Anaphylactic See Anaphjlaxls and 
Allergy 

pathologic nature of Irradiation sickness, new 
method for Inducing shock, 723 
Sllberbcrg, M Effects of prolonged injections 
of bo\lne anterior pituitary extract on bone 
and cartilage of guinea pigs, *355 
Sllberberg, R Effects of prolonged injections 
of bovine anterior pituitary extract on bone 
and cartilage of guinea pigs, *355 
Silicosis See Pneumoconiosis 
Slmmonds, J P Changes in distribution of 
renal phosphatase In experimental nephrop- 
athies, 725 

Simmonds’ Disease See Pituitarv Bodj 
Sinuses, Nasal , congenital infection of lungs 
middle cars and nasal accessory sinuses *455 
Skeleton See under Bones 
Skin, reaction of mouse skin to various reduced 
and partially oxidized sulfur compounds, 
*175 

tumors, painful subcutaneous tubercle (tuber- 
culum dolorosum), 285 

Smadel, J E Chemical analjsls of vaccinal 
elementary bodies, 734 

Response of different strains of rats to 
nephrotoxin, 728 

Smallpox, chemical analj’sls of vaccinal ele- 
mentary bodies, 734 

effect of certain “sex hormones” on spread 
of India Ink and resistance to virus infec 
tion, 724 

immunologic relationship of virus of spon- 
taneous cowpox to vaccinia virus, 442 
vaccination purity of preparations of ele- 
mentary bodies of vaccinia 848 
Snyder, G A C Spontaneous double rupture 
of heart, *790 

Societies American Association for the Ad- 
vancement of Science, election of officers, 
274 

American Association of Pathologists and 
Bacteriologists, 274 563 
American Association for the Study of 
Goiter, meeting of, 274 
American Public Health Association, annual 
meeting 503 

American Scientific Congress, 563 
American Society of Clinical Pathologists, 
annual meeting, 274 

American Society for Experimental Biology, 
563 

Association of American Physicians, annual 
meeting, 563 

Biologic Photographic Association, meeting 
of 845 

International Congress for Experimental 
Cvtology 700 

Society of American Bacteriologists annual 
meeting, 129 

Society TRA^ISACTIO^s 
American Society for Experimental Path- 
ology, 721 

Buffalo Pathological Society and Buffalo 
Academy of Jledicme, Section of Pathology, 
583 

Chicago Pathological Society, 145, 450, 804 
New England Pathological Societj 292 577 

New York Pathological Society, 448 857 
Pathological Society of Philadelphia 289, 
574, 807 
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Sodium Siilfiinridlne See Sulfinll'iiiiidc iind 
Sulfinil imide Derhnthob 
Soil, bicteilcidal acent fiom soil Ijiclllus, 110 
Sparks, A L I urtlier Inoculation cvpcrlniLnts 
ulth lirus of common cold, 715 
Specimens comparison of staicli paste I’ul 
albumin mixture as at-ents for routine 
mounting of paratlln scetlons *132 
Ilamdi’s presera Ing solution, *811 
Splrocliaeta, moipliologic appearances of splio- 
clietal reproduction in tissues, *180 
Spleen, autoplastic splenic grafts, 5t)5 

effect of induced collateral clrcul itlon from 
spleen to iscliemlc Kldnea on evpirlmcntnl 
renal lijpcrtension, 728 
lipoid histlocjtosis , report of case with post- 
mortem and cliemlcal studios of spittn *120 
paraffinoma of lung ultli sccondan tulierclt 
like lesions in liter and spleen *G'il 
silicosis of spleen and silicotic noduli 70S 
traumatic autotransplantation of splenic 
tissue 707 

Sprunt D H Htfect of eeitilii “sex lior 
mones” on spread of India ink and resist- 
ance to aims Infection 721 
Sputum studies ns aid to prognosis in cases of 
pneumonia 721 

Stains iiid -staining BIcIirltli scnilet plcio 
aniline blue, neaa dlllerentlal conncctlae 
tissue and muscle stain *705 
lilstologj of clironlc peptic gastric and duo- 
den il ulcer, 439 
iron hematoxalins, 855 

modification of ’Masson’s tctracliroiiie slain 
for routine paraffin sections of tissue fixed 
in solution of formaldchjdo and saline 
solution *272 

polarlred liglit for studj of inaelln degenera- 
tion, 710 

vascular pattern of certain intracranial jico 
plasms, 572 

Starch comparison of starcli paste and alliiimin 
mixture as agents for routine mounting of 
paraffin sections, *132 

Starvation elTcct of temperature and of stan i- 
tlon on character of growth of frog car- 
cinoma Implanted in anterior chamlicr of 
eye, 724 

metamorphosis of nucleus of neuron in 
Inanition due to prolonged starvation 721 
Stasnej, J Antlanemic principle In liver from 
patients with carcinoma of stomach and 
of cecum, 729 

Steiner A Effect of Induced collateral cir- 
culation from spleen to ischemic kldntj on 
experimental renal hjpcrtenslon, 72S 
Production of pressor substance bj anaerobic 
autolysis of renal cortex 728 
Steiner G Morphologic appearances of 
spirochetal reproduction in tissues *189 
Steiner, P E Radlosensltlvlf} of primary 
carcinoma of lung and effect of irradiation 
on time of survival 804 
Stettenbenz C A Experimental and clinical 
observations on action of sulfanilamide in 
meningococcic meningitis 583 
Stewart, P W Morphogenesis of extra- 
skeletal osteogenic sarcoma and pseudo- 
osteosarcoma, *42 

Stewart H L Induced tumors of salivary 
glands of mice 730 

Induction of gastric tumors in strain A mice 
by methylcholanthrene *153 
Stomach See also Gastrointestinal Tract 
adenomatous gastric lesion in strain I mice 855 
antlanemic principle In liver from patients 
with carcinoma of stomach and of cecum 729 
cancer and pernicious anemia 855 
cancer experimental , critical review with 
comments on criteria of Induced malignancy, 
*814 

effect of loss of gastric yuice on electrolyte 
balance of dog 727 
experimental epithelioma of 717 
induction of gastric tumors in strain A mice 
by methylcholanthrene *153 
lavage in diagnosis and control of treatment 
of tuberculosis 856 

pathogenicity for guinea pigs of tubercle 
bacilli In gastric mucin 568 


Stomal li — Continued 

ruptured diverticulum of stomacli in newborn 
infant associated wltli tongeiiltiil membrane 
oetliidini duodenum, *125 
sceretlon , intestinal re itllons to gastric 
Juice, 117 

Ulecr ,ScL Peidlc Elccr 
Strauss A A I ffcct of iiitracufanenus 
growth of Brown-Pcarct tumor on pre 
existing teslleulnr tumor, 710 
Slrciitococel See also Scarlet lever 

aiitlgenlc properties of slreplolvsln, 570 
batlcrlostatlc and antitoxic actions of sulf- 
inllamlde 817 

bile action on pneumococci and streptococci 
818 

glutamine and growth of bacteria 570 
hemolytic streiitoeoceiis Ivnipliadinltis in 
guinea pigs 817 

Intermediate streptococcus pneumococcus 
strains, 585 

mode of action of sulfanilamide on 1 IS 
new approacii In tlierapy of sciitlcemla due to 
Streptococcus vlridans In experimental 
animals 7 12 

pantotlienlc acid and growth of Strepto- 
coccus liacmolv Ileus 569 
production of kidnev antibodies, U2 
skin test for detecting group C liemolvtlc 
streptococcic infection causing epizootic 
Ivmplmdcnltls in guinea pigs 710 
type of group V hemolytic streptococcus which 
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